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all the world's literature In Organic Chnrniatry as it becomes 
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is published* 

One solution to this problenit that is Increasingly adopted 
is not to bother to read the literature at all* One then relies 
on review articles, on attendance at meetings, oa osmosis from 
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keeping oneself up t© date. 

This bCK}k by Dr. D.tl, Dhar iiS a good oKajoplo of a valuai'>le 
spoclaliocd monograph. It deulft in v/it.h the chumlctry of 

chal cones and Includes on physical properties «d on 

biological activities. ^ , ^ 
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PREPACE 



The chemistry of ohalcone has been recognized as a 
significant field of study. The phenomenal growth of publi- 
cations in this area is undoubtedly a reflection of the 
interest it is receiving throughout the world. Unfortunately 
no book has appeared to date dealing exclusively with the 
broad aspects of ohaloon© ohemistry. It was, therefore, felt 
that there .exists a need for suoh a book which not only give© 
a background information about ohalconeo,ibyt also provides a 
bird*® eye view of the entire field, ihe work has been 
extended to IrKslude some derivatives of bhalcones. The 
literature appearing in major Journals and chomioal abstracts 
has been covered through 1979 ii I 


The general arrangement of the book is as follows j 
It is divided into four partSf oompriting 19 chapter®. 

Part I (Chapters 1-3) deals with an Introduotion to the 
subject and highlights the various methods of syntheeis of 
substituted chaloones and ineludes some of the naturally 
occurring ohaloone®, vi»*", earthaain, sophoradin etc. 

Part II- comprise®' six chapters' Caiapters'^4-*9).^ioh.' are ' 


essentially concerned with the irarioui reaction® of chalcones 


for example I, their reactions.^, with^oxldieing' ^and reducing ■ 
agents, 'ketone® ,’'^'e«ter_st''' amides t\’oya ardnes,. organo- 








metallic®, halogens -^et o'#:'." This^include® c^lisation; 
as' well '""is' biodhemioitl^fsphctooiemio^ and' polar ogr; 
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reactions. The physical properties of chalcones, including 
spectroscopic, X-ray crystallographic and dipole moment 
measurement studies form the subject matter of part III 
(Chapters 10-15) of the book. The colour reaction detection 
and estiiTiation of chalcones are dealt with in Chapter 1?, 


while the chromatographic methods of separation of chalcones 
from other flfwonoida are described in Chapter 15, A list 
of naturally occurring chalcones, with some of their deriva- 
tives, is given in Chapter 16* Some of the chalcones are 
reported to inhibit the growth of several pathogenic micro- 
organisms, fungi and are also claimed to exhibit some 
Interesting therapeutic properties, viz,, hypotensive and 
antipeptic ulcer activities (Chapter 17). Some of the 
chalcones and their derivatives find applications or are 
being considered for potential use, and these are covered In 




Chapter 19 (Part I?) of this book, Examples of these appli- 
cations are the artificial sweeteners, stabilisers against 
heat, light and ageing of several materials, analytical 
reagents, aeintillators polymerisation catalyst s,^"prep»at ion 

of ' photocondi»tlng ’ioffiposiflons^eto Chapter 18 is _ devoted :v!; ; 

in partioul«, to, the reactions'^of two important derivatives'"'^'''''', 
or ohaloonM, vl,., epoxldea and . 

ooapounds ««ry8 as useful starting materials fsr the prspa- 
ratioasof a large Tsriety of related oompounds. Cooprehen- ■: 
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CHAPTER - 1 

»•»•••#«###««•*« "1 

Claiaen-Schmidt Reaction i 

Mechanism of Ghalcone Formation 2 
H omenoiatore «««••«*«##*• 

Ref orenoos ^ 

IHTROIXjCIION 

Benzylidcneacetophenones constitute a class of naturally 
occurring pigments which are oftentiMs referred to as 'ChalconQs'. 

I 

The term was first coined by iCostaneoki , vdio did pioneering work 
in the synthesis of natural coloring compounds* An interesting 
feature of chaloones Cpolyfaydroxylated) is that these serve as 
starting materials for the synthesis of another class of naturuCLly 
occurring and widely distributed pigment© called flavones* 

CMISBN-SCHMIDT REACTION 

The synthesis of ohaloone, the parent member of the series, 
has been awoomplished in a variety of ways but perhaps the simplest 
method is the one iiwolving Olaisen-Sohmidt reaction# It 
oonsists in the reaction of acetophenone with bensaldehyde * in the 
presence of,ag.tieons alkaPli . sodium ethylate, resulting in. the , 

, foimtlon of K-P -unsaturated ^^tone^ t- \ ''V' 

CgK^COCHj ♦ OgHjCaO 



nave JLikewise been 

obtained by oondeneing the appropriately substituted acetophenor 
wi h substituted bensaldehyde in the presence of alkali. 




Kinotio st»yi0ii6s h^v 

irontion of ohaloone^'S 

toanismo (vide infra) ] 


CH 3COPi- 


HjCOPh 




PhCHO 


CHoCOPh . H 2 O 



3 


Tho f orniE*fc ioo. of ciis^loons by fho Ecid osifstlysod cofid'8ii.s3'’fcioii 

of acetophenone and benzaldehyde has been studied^’®, Ihe rate of 
reaction is reported"^’® to depend upon the first power of the 
concentration of acetophenone, and first power of the concentration 
of hcnzaldehyde and upon the Hammett acidity function. Also, the 

r- 0'^ 

cojidcnsation step (vide infra) has been shown to be the rate 
determining step in this reaction. The following mechanism seems 
to bo operable: 



0 
tt 

CH3 

" 0 ' 

II g 

fi ~ C—H ♦ SH 






OH 
I 

-C- CH2 

0 OH 

— H ♦ S 



, ■ ''' .(SsSClVrNT)' 

J^’*“*C’^CH2 ♦ '0 

' oh 

OH 

I 


Tronsitiejn Complex 


»0H 
. i! 

^ ~C — GH2 — CH — jii . S 


I 


®0H2 


^ '5'H, 

0 ... ®,0H2 

P C CHo r i i ••• ^ 

II 




4 


I^OMEHCIuiTURB : Benzylideneacetophenone is the parent membep* of 
the chalcone series. The substituents in the benzene rings of 
chalcone are numbered as shown, and follow the pattern adopted 
by the American Chemical Abstracts, 


The alternative names'^ given to chalcone arc: phenyl 
styryl ketone, benzalaoetophenone , ^ -phenylacrylophenons , 
y'~oxo-o( , y -diphenyl- -propylene , and *»(, -phenyl- p -benzoyl- 
ethylene. 
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MISCELMHEOIJS SAMPLES 



AnalOf^;ues of Carthamin 
SophoraJin, 

<j( -Aminochalcones, , . . . 
o{ -Hydroxychalcones . . . 
Quinochal cones 


Chromenochalcones 


^-Arylazo-^ -arylchalcones, 

•“2'-Dlacetoxy“3f4»4' ,6 ’-tetrainethoxychalcono 
I^efoinenoes .................................... 


A variety of methods are available for the synthesis of 
chalcones (vide infra). The most convenient method is the one 
which involves Claisen-Schmidt condensation of equimolar 
quantities of a substituted acetophenone with substituted 
benzaldehyde in the presence of aqueous alcoholic allcali.^”^^ 


In the Claisen-Sohmidt reaction, the concentration of alkali 
used usually range between The reaction 

is carried out at about 50* for 12-15' hours, at room teaperatwe 

m ■ 

for one week. Under these conditions, however, Oanniaearo 
reaction*^' also takes place and thereby decreases the yield 
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of the desired product. In order to avoid the disproportionation 
of aldehyde in the above reaction, the use of benzylidene 
diacetate in place of aldehyde has been recommended,'^ 

Other condensing agents have been employed and include 
alkali metal alkoxide magnesium tert . butoxide,^^ 

potassiuETi carbon compound, (KCg), hydrogen chloride 

44 48 

anhydrous aluminium chloride, boron trifluoride, phosphorous 

46 47 4B 40 

oxychloride,’' boric anhydride,^’ amino acids, borax and 

50 

organocadmium compound, Q.g.» CdEtg in butyl ether. 

In the synthesis of polyhydroxy-chalcones by Claisen* 

Schmidt reaction, the higher concentration of alkali as a 
condensing agent is desirable, Chalcones having a 2* -hydroxy 
function, however, may oyclise to the corresponding flavanones 
under the above conditions.^ This difficulty has, however, been 
overcome by protecting the 2 ‘-hydroxyl group of substituted 
acetophenone (as methoxymethyl ether before their reaction 
with aromatic aldehydes. This procedure is claimed to 
provide a route to the synthesis of otherwise inaoeaeibXe 
.2’-hydroxy ohaloones. 

The use of acid catalyst, HCl in preference to alkali, ^ 
has been recommended, for example, in the synthesis of oyano- 
methyl ohaloones, as well as hydroxyni trochaic one s,^^ 2*'- 

hydroxy-S-aoetemido-obaloones have been synthesised involving 
the use of phosphorous oxychloride, which is claimed to be 
superior to alkali as a condensing agent Condensations have 
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been effected likewise in the presence of boric anhydride 
The water formed in this reaction is azeotropically distilled 
off with xylene. This method is reported to give good yield 
of chalcone. e^-(phenylthio)~ and o(. -(phenyl sulphonyl) chalcones 
have been prepared^^ by the condensation •f aromatic aldehydes 
with phenaoyl phenyl sulphide and phenacyl sulphone respectively 



either 


e 




and its derivative, in. the presence of catalytic amount of amine 




R-C6H4N«CH-CsH4-R 


R-C6H4-NH-CH (CH2COCgH4R^)CeH4R 


RC6H4NH2 


R C6H4CH-CH 


hydrochloride, to yield P — arylaminoketone (I), On heating with 
concentrated hydrochloric acid, these ketones undergo the 
hydramine cleavage to yield primary aromatic amine and cbaloone. 


Lometallio Comt 


(a) Chaicone in 20^ yield has been secured from aoetylenit 
Gfrignard reagent^"* by carrying it throu^ the following 


withdrawing substituents in -arylamine ketones. 
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fbe interaction of phenyl magnesium bromide and cinnamo-- 

62 

nitrile with ammonium chloride is reported to give an adduct, 
phenyl styryl ketimine dimer hydrochloride. The latter on 
hydrolysis, with dilute hydrochloric acid, furnished the 
chalc one. 

Methyl magnesium iodide and benzaldehyde are reported^^ 
to react (in the absence of ether) to give chalcone, besides 
methyl phenyl carbinol. The fomatitn of chalcone in this 
reaction arises due to the condensation of benzaldehyde with 
acetophenone formed by the oxidation of carbinol. 

(b) Chalcone has been aocured^^ (65^) by the interaction 
of appropriate cadmium derivative and cinnamoyl chloride in 
refluxing ether . 

(o) The synthesis of chalcone (20-30^) has been 
achieved by the action of styryl cyanide with phenyl lithium. 
Alternatively, chalcone (33^) can bo prepared by reacting trans 
cinnamic aoid^^ with phenyl lithiuo, Oie -oinnamic acid is 
reported^^ to react more rapidly than the trans isoior, yielding 
chalcone in a better yield 

(d) Phen^lacetylene^^*^® reacts with benzaldehyde , at 
room temperatiire, in the presence of in ether, to give 
chalcone in 6056 yield. The Lewis acid, enhances the 
positive nature of the carbonyl carbon, thereby facilitates 
the reaction. 


By Wittig Reaction : 


Phosphoranc of the general formula Mej^Ph^^_^^P=CHCOPh 
(n = 0,1, 2, 5) are reports to react with henzaldehyde to 
yield chaloone in good yields (70-90^). k patent has appeared, 
which utilizes the Wittig reaction for the preparation of 
chq-lcone in 84^ yield, Chaloone (60^) has also been obtained by 
the reaction of benzaldehydo with benzoylmethylene (pi-diniGthyl- 
aminophenyl) dimethyl phosphorane ' or phosphonate corbanion/ 

II, derived from diethyl phenacyl phoaphonate with sodium 


h.ydridc 


% 


' y, 


§if2H50)ip-CHCOf>|fS 






H JiSaiDME^ 0CH=.CHC 


* 75 ” 






I*! 




Alternatively,'"^ the potassium derivative of diethyl 
phenyl phosphonate is reacted with on aromatic aldehyde (in dry 
toluene) to yield the desired chaloone. Several substituted 
chaloonos have been prepared"^^ by the reaction of carbonyl 
stabilized phoaphonium and araonium ylidea with o-hydroxybenzal- 
dohydes. 


Prom aiamines and Aromtio Aldehydes ; 

The synthesis of ohalcone has also been effected by the 
interaction of benzaldehyde with M-e(^-styryl morph oline,*^*^ 
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grom Oxidative Decarboxylation of 'T'-oxo Acids ; 

78 

Lead dioxide is reported to bring about the oxidative 
decarboxylation of 3~ben2;oyl~2-phenyl propionic acid to yield 
chalc one , 

COOH 

«|^0CH2-CH-^ — 

By Photo~Fries Reaotion'^^**^^ ; 

7Q 81 

Photo-Pries reajrrangeiaent of phenyl cinnamates'^* * 

has been exploited for the synthesis of 2‘-hydroxychaloone 

(20-50^). The saae reaction has been extended to the synthesis 

of 2%3*-;2*,4'- and 2’ ,5'-dihydroxychaloones from the oorree- 

80 

ponding hydro3!yphenyl oinnamatee. The synthesis of 2’,3’i5’‘“ 
trihydroxyo halo one has been achieved,®^ however, by the 
photolysis of 2,4-dihydro3qroinnaiBat8 (the hydroxyl groups 
protected by methoxpiethylation) followed by treatment with 
methanolio hydrochloric aoid. 

From Bengal Chloride and Acetophenone i 

Ohaloone, in 755*5 yield is reported®^ to be formed by 
heating at 120-130*, a mixture of benzal chloride and aceto- 
phenone in the presence of copper powder* 



^COCHaaCH 0 


Prom Methyl Benzylphenacyl Sulphonim Hydroxide ; 




The synthesis of chalcone from methyl henzylphenaoyl- 

86 

sulphonimn hydroxide involves a number of synthetic steps, thu 

\ ® Raorrangement Reaction 

d COCH2(0CH2) SCH 3 OH — — 

NaOCH 3 — NaOH 


0CH(SCH3) OCCsHg® CH2 


HCl 


<^C0CH2CHC6H5SCH3 


a?. “ 




^ cocHzCHCeHssbzCHa 




5%0H 




flGOCHa^CH- 


Prom q( -Biazoaoetophenone ; 

Chaloone (8^) is reported to be formed vdien ©(^-diazoaceto- 
phenone is subjected to thermal decomposition. * 


Prom *>< -Epoxy Ohaloones s 

Chromous chloride in acetone medium brings about the 
88 » 

reduction of “epoxychaloone to give the corresponding 
chalcone in a lov yield. 

Prom Cinnamic Acid Anhydride ; ■ 

QQ 

Cadmium diphenyl reswjts with oinnamio acid anhydride to 


yield chaloone in 44^ yield* 


15 


Prom Cinnamic Acid and Phenol; 

Polyfeydroxychalcones sxb oMained when cinnamic acid ia 
condensed with phenols in presence of or polyphosphoric 

QK 

acid. 

% 

o( -Alkylchalcones have been prepared, though in poor 
yield, "by the reaction, for example, of 1 ,5*5-trihydroxyphenol 
with o(v -alkyl cinnamic acid, in the presence of acetic anhydride 
and polyphosphoric acid. 

From Cinnamoyl Chloride and Benzene ; 

Chaloon© (21^) along with 3**phenyl hydrindone (54^) we 
97 

obtained ' by the interaction of cinnamoyl chloride with benzene, 
in the presence of anhydrous altminium chloride. The yield of 
chalcone is reported to be quantitative if chlorobenzene is also 
added to the reaction mixture. 

From Cinnamoyl Chloride and Phenol : 

By using Behn’s reaction polyhydroxychaloones have been 

K 

synthesized,"^ It consists in the reaction of polyhydrio phenols 
with cinnamoyl chloride, in nitrobenzene solvent, using aluminium 
chloride as the condensing agent. With phloroglucinol, however 
the initially formed 2,4t6-triliyaroxyohaloone oyolises to give 

IK 

5,7“dihydroxyfXavanone as the major jaroduot. It is believed"'^ 
that 6 '-hydroxyl activates the' 2* -hydroxyl to brijog about the 
cyclisation. 
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Olnnamoyl chloride has likewise been oondensed with 

phenolic in on'n'hr.M j. 

cartoon disulphide to give the corres- 

ponding ohaloones. Ihe i'rledel-Orafts reaction of ois-cinnanoyl 

chloride with n-butyl ether of thiophenol is reported^OO to give 

4’-(n-tout.yl thio) chalcone. 


Irom ^ -Ben zpylacryllo Acids : 


Aryl diazonium chlorides (carrying an electron withdrawing 
nutoatituent) react with trans-/ -toonzoylacrylic to 

/jivG chnlconeo, 

:OCH«»CHCOOH, ♦ ArN2Cl— ♦ N2*t02*H 

The aryl group attacks the carbon atom to the 
carboxylic group and this initial coupling is followed by 
decarbo3Qrlation J 

From - Chlorovinyl Ketonon a 

Substituted /^-ohlorovltiyl ketones have been condensed with 
phenolic others’°5-105 prseanoe of stannic obloride to give 

chalcones in fairly good yield (47-65^), 



COCM=“~C’.HCi ♦ 



OMq 


SnCt4 


H 



CO-CH===CH 
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A variation of the above reaction consists in the inter- 
action of ^ -chlorovinyl ketone with aromatic hydrocarbons"*^^ 

1 0‘5 

and alkyl halides, under the influence of SnGl^, to give the 
corresponding chalcones. 

Prom Plavanones ; 

(a) Treatment of flavanones with alkali results in the 
opening of Y -pyrone ring and formation of 2'-hydroxy- 

chalcone Thus satisfactory yield of 2 '-hydroxy- 

1 

4,4 * ,6 ’-trimethoxychalcone has been obtained from 4’,5f7“ 
trimethoxyflavanone in the above manner, 

(b) The micro-organism. Gibber ella fukikuroi is capable 

of cleaving the oxygen heterocycle of flavanone to yield 2’- 

109 

hydroxychaloone. ^ Part of the substrate undergoes ring 
opening, followed by microbial oxidation to yield the 2* ,4- 
dihydroxyohalcone , 

(o) U? irradiation of flavanone is reported to yield 
three products, viz., 2* -hydroxychaloone (20^), 4-phenyl- 
dihydrocoumarin ( 13 ^) and salicylic acid (4^)* 

From 2-Di6thylamino-1 .3-Biphenyl-2-propen-1-*one (III) ; 

' ' 1 1 1 " 

Chalcone ( ois and trans ) in 30^ yield has been secured 

by prolonged irradiation of the title compound in an ethereal 
solutions 
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MISCELIANEOUS mMPLBS ; 

Analogues of Garthamin : 

The syntheses of two analogues of oarthamin, viz., 3*- 

metho35y-2’ ,4,4’ ,6’-tetrahyclroxychalcone and 2’-'methoxy-3’ ,4,4’ , 

112 

6 * -tetrahydroxychalcone are reported in the literature (cf. 
Method I), The hydroxylio functions in the reactants are 
protected by derivative preparation, viz,, methoxymethylation, 
and are regenerated by hydrolysis toward the end of reaction. 

Sophoradin ; 


Based on the above reaction the synthesis of sophoradin, 






wsmm 

mBI 


i) Hydrogcnoijon 

rearrangement 

Sophoradin-*— 


Claisert'l 









— 

MUM 

IMM 


'Aminochalcon.es 


s or o(^-amino chalcones have been achieved 
series of reactions; 

.. NHzOMe /-A _ _ 
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OH HN03/Et0H 


Demethoxymcthylatior 


OR HN03~CH3C00H-Ha 


( R s ■* CH2 OMc ) 


Chromeiioohalo one a 



A method for the preparation of ohromenoohalcone 

aeaoribod/’® and mvolvoa the following steps: 



Acetone 


COCH 


Dioxan 


■ilr.Ylazo-P-ar.vlchalcon.8e 


starting -dikatoesters ; o<.-arylazo-/?-aryl 

1 1 Q 

c^lcones have been synthesized, ^ Thus, 
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,2 ’ -.Oiacetoxy-3 A A' ^6 * -tetramethoxychalcone ; 

The synthesis of o(, ,2'--di3Wietoxy-3,4,4’ t6"tetramethoxy- 

1 20 

chalcone from 2-benz;yl-2-hydroxyco'umaran-3“one (¥1) is described. 
Advantage is taken of the fact that the coumaranone in allaline 
medium exists in equilibrium with the corresponding chalcone 
anion (¥11), 
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CHAPTER ~ 3 

HOME GLASSES OP OHALCONES AND CHALCONE ANALOGUES 


Substituted Chalcones 

Hydroxynitrochalcones 33 

Hydroxyohalcoaes 34 

Methoxychalcones 35 


Car boxychalc ones and Chalcone Analogues,,,,.. 36 

t€>v 

Isop«*Btylchalcone8 36 

A 

Phosphorl^’ated and Sulphuric Acid Esters of Chalcones., 36 
Phenylehalconeo 36 


Polyf luorochalcones 

Heterocyclic Chalcone Analogues 
References 



SUBSTITUTED CHALCONES 



1~11 

Several hydroxynitrochalcones have been prepared 
involving the Claisen-Sohmidt condensation. This condensation 

has been effected with a variety of condensing agents, viz,, 

1 2—17 ■ 14 ■ ■ ' " 

aqueous alkali, ' sodium methylate, piperidine, aluminium 

1 2 14 18 14 

chloride, boron trifluoride, ^ and dry hydrogen 

chloride,'^^’*^^ The preparation of oC^-methylchalcones (containing 

a nitro group) by the interaction of hydro^Qrnitropropiophenone 
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1 9 

v/ith various aldehydes is also reported in the literature. It 

20 

has heen suggested that dypnones may be the possible inter- 
mediates in the synthesis of nitrohydroxychalcones. 

16 

In general the electron donating substituents (low 
Hammett Constant) in the aldehydic component, and the electron 

21 

withdrawing substituents (high Hammett constant) in the ketone,' 
favour the Claisen-Schmidt condensation by HCl. On the other 
iuind the electron withdrawing substituent ^ in the aldehydic 
component, favour condensation by caustic alkali. 

The preparation of a large number of substituted chalcones, 
which include hydroxy-, methoxy- and car boxy chalcones are 
reported'^'* *■ ' in the literature. 

Hydro xychalc one s : 

Some of the difficultly preparable 2 * -hydroxychaloones have 
been oynthGsir.Gd in excellent yields, by converting the 2-hydroxy 
group of 2-hydroxyBnetophenone to corresponding methoxymethyl 
cther,"^'-"* prior to Claisen-Schmidt condensation. The hydroxy- 
chalcone is then regenerated by treatment with hot acid. 

The synthesis of chalcones derived from 2-hydroxy acetophe- 

50 51 

none, 2’-hydroxy-4-ethoxyaoetophenon6, 2-hydroxy-4-n- 

butoxyacetophenone and 2-hyfiroxy-4-n--pr'opoxy-5“bromo (or nitro)' 

acetophenone’^^'^ have also been reported. The preparation of 

polyhydroxyohalcones derived from resaoetophenone^^*^^ and 

57 

quinacetophenone has been secured likewise. 
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The reaction of ^-hydroxybenzaldehyde with substituted 
acetophenone is olalmed^S to proceed well in acid than in 
medium. This observation has been rationalised^^ as follows: In 



In acid medium, however, the disaociation of the phenol is 


restricted £ind the formation of oarbonium ion (1) is facilitated. 
Those effects, therefore, exert a favourable influence of 


chalcone formation. 



The syntheses of a large number of methoxychalcones,^^*^^ 
including those derived, from quinaoetophenone monomethyl ether® ’’ 
and resaoetophenons dimethyl ether,®® are described in literature. 
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Carboxych ale ones and Chalcone Analogues : 

Bp 6 "^ 

Garb oxychal cone s , including the chalcone derived from 

caffe ic acid'” have been prepared by the usual Claisen-Schmidt 
reaction. In general the ketone required in the reaction are 
derived by the Pries migration of o- and p-acetoxybenzoic acids. 
The naphthalene, ' phenanthrene , anthracene and 

'7’X 

bicyclic analogue of chalcones have also been prepared. 


■»T€.rv 

1 oopflwitylchalconea ; 

A 


rc -rv 


The synthesis of several naturally occurring isopoasfcyl 

fs, 

chalcones have been accomplished by employing Claisen-Schmidt 

*7C »7C 7 c 

reaction, viz., cordoin,'^ isocordoin, ' 4-hydroxycordoin, ' 

7*5 77 7*1 76 77 

derricin, * i-hydroxyderricin, sophoradin, and derricidin. 


Phosphorylated and Sulphuric Acid Esters of Chalcones ; 

The preparation of title compounds*^® have been achieved 
by Claisen-Schmidt reaction 

Phenylchaloones : 

OA ■ . ■ 

The synthesis of 4- (and 4'*-) phenylchaloones ando<; - 
(and ^ phenylchaloones®^”®^ are described in the literature. 
The preparation of oC,“Ph6nylohaloone has been secured 
by the interaction of appropriately substituted acrylyl chloride 
with phenol in the presence of aluminim chloride. On the other 
hand 4'“nitro-o(^“phenylohalcone has been obtained®^ by the 
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reaction of 4*-nitrodesoxybenzoin with ethyl "benzylideneaceto- 
acetate under the influence of ethanolic sodium methoxide. 


Polyf luorochalcones ; 

The polyf luorochalcones (II-I7) have been synthesized®^ by 


the Glaisen-Schmidt reaction 

R-GI= 

^GHOOR’ 

..’.i: k=c^^F5J 

R’=CgH5 

111 H=Cgli5; 


17 R=C6F5 ; 

R*=CgF5 


In the synthesis of 17, a lower concentration of alkali (1,5^) 

84 

nas been recommended. With higher concentration of alkali, the 
initially formed polyf luorochalcone undergoes a haloform type of 
cleavage leading to the fomation of 2,3i4»5i6-pontafluoro“ 
tr.ana -cinnaniic acid and pentafluorobenzene , 


HGterocyolio Chalcone Analogues i 

A number of heterocyclic analogues of chalcones have been 
reported. These include the chalcone analogues of pyrrole 
indole,®®’®^ carbazole,^® furan,®*^’®^ ’®® , thio- 

phono?6'S5.92.96-103 3ei3noph6ne/0^ pyrldln6.®fi-92.93.98, 105-107 

quinoline 8-hydro xy quinoline piperidine 1,4- 

"I *1 0 "I *1 "*1 "*1 "1 iP *1 ’ 3 C 

benzodioxans, pyridone , pyrimidine, pyrazole ^ and 


acridine. 


114 
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Several chalcone analogues have heen prepared by the Claisen- 

Schmidt reaction, viz., ferrocene, cymantrene, ' henzo- 

117 11R 1 ?2 12“^ 124. 

chrotrene, ' cinnamoyl chromono, ohromeno and 

118 

couinarinochalcones , 

1 20 

The syntheses of chromenochalcone including Plemi- 
Chapparin A have been achieved (53--635a) hy the reaction of 6- 
acotyl-5 ,B-dihydroxy--2,2-dimcthylchromGn€. (V) and substituted 
bcnzaldohydcs i 


The preparation of soiae o^-aroylchalcones involving 
Knoevcnagel reaction between diaroylme thanes and aromatic 

1P1 , 

aldehydes has also been described. 
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< ' ■* ‘ * 4 ’ 

4ti'. tsu, « 'i '/ '■' ■•' ^ , 


Catalytic HydrojB:enation 

1-11 

Reduction of Olefinic Group t 

1-4 10 

Chalcone on catalytic hydrogenation * with Raney 
nickel, in ethanol* yields henzylacetophenone , Ihe latter 

C 

compound has been secured'^ in high yield (96^^) by employing 
dichloroethane in place of ethanol as a solvent. High pressure 
hydrogenation (50-120 atmospheres) of chalcone, in the 
presence of a non-pyrophorio Raney nickel catalyst (compositions 
copper, 3B-60fi and aluminiuctrt, 40-42^4) is reported^ to yield 
dihydrochalcone (75/4). 

Chalcones have been reduced by hydrogen and platinum to 
7 

hydrochalcones, which in turn can be reduced to hydrochalcols . 

8 

ortho -Hydroxychaloone is reduced completely to the 

corresponding dihydrochaloimo , in ether, in the presence of 

platinum black, by a current of hydrogen. The preparation of 

several dihydroohalcones is described in literature 

With platinum oxide catalyst in ethanol (alkaline) the 

hydrogenation of chalcone stops with the absorption of one 

molecule of hydrogen and the exclusive formation of saturated 

ketone,^ A study is reported in respect of controlling 

catalytic hydrogenation (catalysts platinum oxide) of chalcone 

under the influence of added ferric chloride, different 

solvents and temperature. Thus the saturation of the ethylenic 
10 

bond occurs very smoothly either in cold benzene , toluene 


or boiling acetic acid 
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1 1 

is reported to "be an efficient catalyst in the 

selective hydrogenation of olefinic double bond in chalcone. 

1 1 

It has, therefore, been employed as a catalyst in the quanti- 
tative microhydrogenation of such types of compounds. 

Reduction of Carbonyl Group s 

-Mcthylchalcone is reduced by hydrogen to the corres- 

1 2 

ponding unsaturated secondary alcohol , using platinum black 
and large excess of ferric chloride. 

Selective reduction of the carbonyl group in chalcone has 
likewise been achieved by using optimum amount of palladitm 
catalyst (promoters s ferrous sulphate-zinc acetate) at ordinary 
atmospheric pressure and room temperature. Hydrogenation of 
chalcone, at atmospheric pressure, with colloidal palladiian or 
with palladium precipitated on ariimal charcoal, is reported"*^ 
to reduce smoothly the carbonyl group. 

Reduction of Olofinlo and Oarbonyl Groups ; 

1 ,3-Mphenylpropanol^ has been secured by the catalytic 
hydrogenation of ethanol ic solution of chalcone with Raney- 
niokcl. According to a report,^ the same transformation has 
been accomplished, in 45 minutes, by incorporating traces of 
alkali in the reaction modiun'i. 
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Saturation, of Olefinic Bond and Reduotion of Carbonyl to 
Methylene Group c 

Catalytic reduction of chalcone by hydrogen in presence 

of nickel (reduced at 250% and partially deactivated at 200*) 

yields 1 ,3-diphenylpropane, A quantitative yield of this 

compound is obtained by the catalytic hydrogenation of 

9 

chalcone with platinum catalyst in ethanol, in presence of 
concentrated hydrochloric acid. 

Hcduction of Aromatic iUnga and Enone Function 

Chalcone undergoes hydrogenation in presence of activated 

nickel catalyst, at elevated temperature to give dicyclohexyl- 
^ 4A 

propane. formation of a similar perhydro compound is 
1? 

reported " in the case of 2 ’ "I'K^'fehylchalconG , involving the use 
of platinum black as a catalyst. 

Complex Metal Hydride Reduotion 
Alkali Metal Borohydrldes i 

Selective reduction of the double bond in chalcone occurs , 

when it is reacted in pyridine, with sodium borohydride 

Chalcone on treatment with potassium borohydride in water 

16—18 

or methanol yields the corresponding carbinol. This 

reaction has boon extended for the preparation of several 

1 9 20 

substituted allyl alcohols. * The selective reduction of 



carbonyl group of chalcoiiG has been noVii^ ^"^7 
. , , . ^ acuievGd ^ by potassium 

oioh3rdridc and aluminium isonronoxidc -in ■ 

,, " opo^ide in isopropyl alcohol. 

j-ije icsulting compound often reforTPr^ + 

as chalcol (1 3- 

diphGnyl-2-en-1-ol)on treatment vrith alkali i *17 

/ alkali IS reported ^7 

a rc.n..a„go.cnt to yield the dlhydrochaleonc . 

Sooi» ho^ohydrido .cduotion of .--hydroxyohalcoac ie 

•••cp^^rtGd to yield flav-'d-ciiG brcirip« .u 
^ , * resides the expected unsatu- 

■i-atGd alcohol. 1 ,3--j3iphcnyl-l (and ?-) r^-n 1 ?2 
^ ^ ^ ) P^opanols^^ ar'c 

obcainablc in SS/i yield by carrvino- , + » 

with qodii ^ ^ ° ^ ^Gduction of chalcone 

Uith sodium borohydridc.-boron trifluorldr f n 
v/ith alkali.P m o -^^^^luoiidc , followed by treatment 

^ycrogen peroxide. Using chalcone as the + 

+U ^ i^^^conc as the starting 

material the synthesis of flavanol (I) and if 

Vlavannnp VI 10 ^ ^ ^ co^'^esponding 

.... i.iavanonc have been achieved.^® 





The reduction of chnlcone v/ith LAH can he controlled to 

24- P'S 

yield cither the uneaturated or saturated alcohol. This 

26 

reaction has heen exploited in the synthesis of 4-cinnamylidene 
-2,5~cyclohGxadicn-1-ones. Thus 4 ' -hydroxychalcones have been 
reduced by LAH to the corresponding unsaturated alcohols, and 


the latter dehydrated to the aforesaid compounds 
27 

is reported - 


Chalcone 

to give the unsaturated alcohol as the major 


product, if LAH is replaced by the less aggressive reagent, 

Vvac Vv-vivvf' • 


Lithiuia Alminium Hydride -Aliminium Chloride (LAH-\lGl ^)g 


Treatment of chaloone with lu'Ji-AlCl^ yields the corres- 
28 

ponding propencs and a dimer, 1 ,5,5-triphcnyl~4-benzyl-1- 

pentenc^^ (44-65SS). 

Opt 

The mcchanissa of the reaction has been postulated as 
follows: V/fth lithiuB'i aluminium hydride, chalcone undergoes 
transformation to the satui'ated alcohol. The latter compound 
loses a molecule of water, under the influence of the added 
Levds acid, aluminium chloride, to yield the 1 ,3-diphcnyl-1 - 
propeno , 

In the hydrogenolysis of some chalconcs (vide infra) two 
isomeric disubstituted propenes have been obtained. 

In one instance the formation of an additional compound, viz,, 
j-(o-hydroxyphenyl)-3~ph6nyl-1-propaiione has been reported,^® 
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interesting to note that 2-hydroxy-4 ' -metho 
n hydroge nolysis yields three products*,^® v 
etone (II), a secondoxy alcohol (III) and 4 
. Apparently the reduction follows a diffe 


aothoxy' 


;>ropcnGs 


for these dimers 


C6H40Me 

MeOH4C6 


C6H4OM 
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Thv'i behaviour of -(phenylsulphonyl) chalcone^^ tovrards 
irdxed reagents (LAH-AICI.- ) is rather interesting. It results 
in the' saturation of the ethylenic double bond giving the 

5p 

corresponding hydrochalcone . 

Grgenotin Hydride Reduoti on ^ 

biphenyl tin hydride^^”'^^ brings about the reduction of 
chalcone to yield phenyl styryl oarbinol (75f>). The distinctive 
feature of the reaction is that the two hydrogen atoms undergo 
uncatalysed selective transfer from tin to the carbonyl group 
of chalcone to give directly the alcohol and no hydrolysis step 
is required. 

1 ,3 -biphenyl-propan- 1 -one has been obtained from chalcone 

by its reaction with diphenyl tin hydride under appropriate 

conditions. The saturation of the double bond is the net 

36 

result of two steps, viz,, hydrostannation (1,4-addition) and 
hydrogenolysis, V/ith tributyl tin,^^ however, the reaction does 
not proceed beyond the hydrostannation ste^e. 

Electrolytic Reduction : 

Chalcone on eleotrolytio reduction is reported^'^ to yield 
three products, viz., dibenzyldiaoetophenone (35-40^), 1,5,4, 
6-t6traphenyl-3,4“dihydro3cyhexadi6ne ( ? , 25-30^) and the 
saturated ketone, ^CHgCHgCX)^ (10-15/j). The yield of the 
latter could be raised to 70^ by appropriate control of the 
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reaotionjonclltioM. The following mechanism has been 
proposed^“ for the eleotrolytlo reduction of ohaloone and its 


ijcterolytic analo.oiue j 




CH ; CH . COR 


<2+ H 


Step (t) 




R.CH.CH2COR' 

I 9 

Step e * H 

( 3 ) 

R.CH2.CH2COR* 

(V) 


Dimers 



R = s p-f4eO-'CgH^ 

Cb) R « R» B Phenyl 

(c) R « 2--Puryl; R' « Phenyl 

The ketone (7) can undergo f.n-ther two one-eleotron-reduotion 

to yield the oorresponding saturated secondary alcohol P® 

thus : 

H-®2-CH2-QaR. . e . H ® -o R-CH,.aK,- 6 m)-n^ 

|e . H@ 

R-CHg-CHg-CIHtoH)-E' 
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Meerwein-Ponndorf-Verley Reduction s 

Allyl alcohols have 1)6611 obtained (in 40-70^ yield) by the 

39 

Meerwein-lonndorf-Verley reduction of chalcones. 

A modified method for the Meerwein-Ponndorf-Verley 
reduction of chalcone, involving the use of aluminium isopro|»- 
oxide and isopropyl alcohol, has been reported. The removal 
of acetone from the reaction mixture is unnecessary. The 
product, 1 ,3~diphenyl-2-propGn-1-ol is obtained in good yield 
( 760 ). 

Reduction by Metals ; 

41 

Lithium amalgam brings about the reduction of chalcone 

giving rise to a small amount of the corresponding alcohol 

(b.p. 168-71*). The reaction of chalcone with ammonium amalgam 

is not a clean one, and several products have been isolate d.^^ 

The following arc the products that are formed: 1,3,4,6- 

tctraphenyl-hexan -1,6-dione; 1 ,3*4 t6-tetraphenyl-3, 4-dihydroxy' 

1 ,5-hcxadienc ; 1 ,2 ,4 t5-tetraphenyl cyclohexan-l ,2-diol; 1,3- 

diphenylpropyl alcohol and l-amino-l , 3-diphenyl -3-propa«ol. 

Benzyl acetophenone is obtained from chalcone when the 

42 

latter is treated with sodium^ in alcohol, 

1 »3 j4,6“T6traph6nylhexan -1 ,6-dion6^^ is produced when 
chalcone is reduced as in Clemmensen reaction or treated with 
zinc mercury in acetic acid, . 
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?-HycJrcxy-3,4-dimethoxy-3' ,4'-methyleneaioxyohalcone on 

reduction with zinc in ethyl aloohol-aoetio acid gives amorphous 
4-hydroxy-7,8,4'-trimethoxyriavan.38 Under the same reaction 



condi’tions *bu"t6jLn yields i^hc cox*p6 
pinacol*^'^ : 


'Potiding flavati or tho 


OH Zn.CHaCOOH 


(Butein) 


4,7, 3 ', 4'-TetrahydroxytlavQn 



Ch ale one 


on the other hand yields dlhenzyldiaoetophenone 

("i.p. 1 96-) and an isomer (m,p. 269-). Ohaloono is reports 

to underffo reduction Tiv 


20CH=CHCSDCf + + 2H* 
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VJillgerodt-Kindler Reaotion^^ s 

Dihydrochalcone (40fi) has heen obtained by heating chalcone 
with sulphur at 115° in the presence of quinoline. Besides the 
dihydrochalcone; 1 53 -diphenylprop- 1 -en 6 is also formed, when the 
above reaction is carried out at a higher temperature ( 145 °). 
Reduction of olefinic bond in the Wlllgerodt-Kindler reaction 
has also been observed in the case of 4- ch loro chalcone. However, 
according to a recent report, cinnamic acid is produced when 
chalcone is heated in morpholine in presence of sulphur. 

Reduction by *Hantzch Ester’ s 

The activated double bond of chalcone is selectively 
reduced, by 'Hantzch ester' (di6th3rl-1,4-dihydro-2,6- 
dimethylpyridine-3»5-dicarboxylate) to yield benzylacetophenone 
and illustrates a case of homogeneous hydrogen transfer 
reaction. 

Reduction by Pyridine-Borane Reagent s 

The selective reduction of the carbonyl group in chalcone 
has been accomplished with pyridine-borane reagent 

Cf“GO-CH=GEi-0 refluxirg toluene, 4 hr. ^ 0-CH(OH)-CH=CHC^ , 

84 ^ 
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4 o 

Rccluction by Terperxes ; 

Hydrogenation of the olefinic double bond in chalcone can 
49 

be effected by the use of terpenes especially phellandrene and 
limonene, as hydrogen donors. Thus benzyl acetophenone is 
produced when chalcone and liraonene are refluxed in xylene. The 
same product results when p-chlorochalcone is subjected to the 
some treatment, using phellandrene as hydrogen donor. Apparently 
reductive dehalogenation occurs in the latter reaction, 

iiisccllancous Reduction 

The reduction and alklylation in the and -positions 

HA q i 

of chalcone in linuid ammonia have been reported.-^ *• 

Chalcone has been converted into its corresponding 
saturated amine (53 )j) by reductive amination.^^ The reaction 
can be conducted by introducing hydrogen gas into an aqueous 
ethanolic ammonia solution containing chalcone and cyanocobalt 
complex. 
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CimpTER - 4.2 


•u jACTION OP CHAIOiOJJES WITH OXIPIZING- AGM^TS 


Thallic Salts 

* . 53 

Lead Tetraacetate 

* * * 71 

Selenium Dioxide 

Manganic Acetate 

* •• • 72 

Chromic Acid 

* • • 73 

Osmium Tetroxide 

* 73 

Trifluoroperoxyacetic Acid 

Perbenzoic Acid... 

* 74 

Potassium Persulphate ...... 

' * * 75 

tert. Butyl Hydroperoxide . 

71J 

Aut oxidation. ... 

7g 

Potassium Perricyanide 

• • • 76 

Amine N-Oxides... ' 

Heferences 

77 

Thallic Salts t 

A simple and convenient method for the preparation ‘of 
symmetrical’ ae well ae unsytmetrlcal’ >2 benzils ooneiets in 

the oxidation of appropriate ohalnones with thallic nitrate’ (lu 

‘ * ■ ' ' " " 
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The yield of benzllo 1„ the range of 45-700. The reaction, 
however, falls when euhstltuents prone to oxidation (viz. hydroxyl 
and at,lno groups) are present, or when both the aromatlo rings 
carry electron x^rith drawing functions. 

The mechanism^ involved In the thallio nitrate (ffi) 



cone is shown below 


rCH2C0Ar 

i (HI) 


ArCH = C-Ar 


C-Ar'— ►ArCOCOAr, 

(Vlin 


70 





Oxid. Rearrangement, 
100 hr. reflux (MeOH) 



organothaiu™ derivative, fouled by its rearran- 

sement. reaction hag been exploited for the 

oyntbesis of isoflavonea.7.9.35.56 

treatment with methanolio hydrochloric acid, yielded smoothly 
3 ,7-diathoxy-2' ,4'-dimethoxylsoflavone.’^ 


2'-Hydroxyohaloones have also been shown’® to undergo 
oxidative rearrangement (vide supra) with thalllo salts to yield 
finally the oorresponding ieoflavones.’® Ihe syntheses of 


71 


11-13 

several naturally occurring isof lav ones and related compounds 

are based on the aforesaid reaction. 

The kinetics of thallic acetate oxidation of chalcone has 
been studied. 


Lead Tetraacetate t 


The -hydroxy-chalcones on oxidation with lead tetra- 
1 5 

acetate give the corresponding benzils together with aromatic 
acids. In the case of 4,4* “diniethoxy-/^--hydroxy-chalcone , 


however, the formation of three products (XI-XIII) 


JXl) 


OAc 


; ■ O-fv.9. 

" > (XII) 



sported , 


ArCOOH 


(Xlll) 


Lead tetraacetate oxidation of 2* -hydroxychalcones , 
however, yield c3^- and trans-aurones, substituted cinnaniio and 


benzoic acids, five products (XIV-XFIII) are obtained when 


2'-benzyloxy-4,4*-dimethoxychalcone is oxidized by the above 
oxidant. 
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Selenium U oxi de i 

Chalcones are oxidized smoothly with selenium dioxide to 

1 *7^^ Q to 

the flavon.es . The following serves as an exajrtple ^ for such 



jj’airly good yields of aurones^^*^^ are ohtainahle from 
2 ' -hydro xyc ha leones by oxidation with manganic acetate in acetic 
acid* The mechanism of the reaction is outlined as follows^^s 



Chromic Acid ; 

Epoxidation takes place when chalcone and its derivatives 

PI 

.'ire treated with chromic acid, " The kinetics of this reaction 

PI pi 

has been studied. ' The reaction is reported to involve the 
electrophilic attack by chromic acid at the olefinic centre of 
chalcone molecule, resulting in the formation of an epoxide, ' 

Osmium Tetroxide^^ ; 

Chalcone and osmium tetroxide react in ether solution to 
give a monoester, 64-^ yield. 
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Trlf luorp-peroxyacetic Acid s 


Oxidative cyclisation of chalcon.es to ilavylium salts have 
been achieved hy the use of trifluoroperoxyacetic acid^^ in 
methylene chloride. The reagent serves as an electrophilic 
hydroxylating^^ system. A plausible mechanism^^ for this 
reaction is given. 



Perhenzoic Acid; 


The reaction of pertoenzoic sicid with chalcone has been 

25 PA 

studied. The oxidation of chalcone is considered to proceed 

the intermediate fomation of epoxyresters, as follows; 


W 


^ CH** CH— ■ CO f 



f CH — CHOCO0 


.. ■ : .V 


55 -CH 






5z5— CHO+ 0OH 
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Potassium Persulphate ; 


Potassium persulphate, under ap-propriate experimental 

27 

conditions is reported to cause the nuclear oxidation of hydroxy- 
chalcones, as is illustrated hy -2 '-hydroxy-4' -me thoxych ale one 
(vide infra) j 

(D^IWdine, 

PH 

0 



OH 


Q 



K2S2O3 

(2) HCl 0 

Sonic trans 1 -;axyl-2~ai^roxy'tetEyTencF~~'CS'Z) have heen 

po 

secured Tsy the persulphate oxidation of chalcone and naphthalene 
analogue of chalcone; 


S^Oo-IUSO.-HOAc 

ArC-CH=Cn-Ar* — — £ — ft O Ar-C-0-CH=CH-Ar ’ 

II n 

0 ■ 0 

(XIX) 

Ar=Phj 2 -C^qH^; 

Ar'=Ph| 4-j''CgH^| 2 -C^qH^ 

tert -Dutyl Hydroperoxide s 

Chalcone is reported to undergo epoxidation when treated 

with tert -butyl hydroperoxide‘s^ in the presence of triton-B, 

With this reagent it is possible to carry out the reaction in a 

2Q 

completely homogeneo^is non-polar medium. The mechanism ^ 
involved in epoxidation is depicted below; 



7 ^ 


■'I' © 

'uoo * <j) CH = CH CO <t> 


e 

~CH-“CH-CO f 
OOR 


0 


HB 



0 

QY\ — CH2““C0 0 + B 
OOR 

© 

0— CH CH— COcf * OR 


(ii) 



The equilibrium concentration of the carbanion is sufficiently 

large to enable step (iii) to compete with the protonation step 

(ii). Since the elimination step is irreversible, therefore, the 

reaction is driven in the direction of epoxide formation, 

Epoxidation of chalcones has also been achieved by using 

30 

Dionoperphthalic acid, as well as by hydrogen peroxide in 

alkaline medium. (see under AEO reaction). The latter 

method has been extended to the preparation of heterocyclic 

32 

epoxychalcones . 


Aut oxidation ; 

Chalcone is autoxidized^^ very slowly, in presence of 
potassium tart, butoxide-tert, butyl alcohol, to two equivalents 
of benzoic a<}id (75 >j)* 

Potassium Ferricyanide s 

■ 'X.A ■ 

2 ' ,4“Dihydroxy~4' fS’-dimethoxychalcone (XX) is reported'^ 
to undergo oxidative phenol coupling at the B -position to yield 
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a isomeric mixture a . "oenzof uranones , XXI (25.5/3) an. 




Amine N-oxides . 


57 

li'lavonee have been prepared from 2*“hydroxychalcones by 
their oxidation with amine N-oxides, viz., pyridine oxide and 
triethylamine oxide, in the presence of a catalyst. 
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Isopropyl and Isobutyl Ketones; 

Several diketones, as erytfaro-threo mixtures, have been 
1 

prepared by the reaction of chalcones with enolates derived from * 
isopi*opyl and isobutyl ketones. 
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Chalcone is reported^ to undergo 1,2- or 1,4-addition with 
the ketone enolates^ depending upon the conditions of experiment. 
Chalcone and MeO-CHgCOPh cyclised with ammonium acetate-acetic 
acid to yield 2,4,6-triphenyl pyridine^. Chalcone-LAH complex in 
ether solution is reported^ to react with acetophenone to yield 
2 ,3 ,5-triphenylpentan-2 ,5-diol. 


Benzophenone ; 



The henzophenone-sensitized irradiation of chalcone 
f furnishes 2-'benzoyl-5, 4, 6 -triphenyl-1 ,2, 3-dihydro pyran^ 
l^cordance with tbA - • 
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Disodio'benzophenon.e salt is reported^ to react with 
chalcone to form, after acidification, the keto alcohol, viz,, 
p-r t'Y "■triphenyl-'^-hydroxyhutyrophen.one, in 4 - 7 fo yield. 


Na 


(^o“C-ONa cf-CH-CH=C(ONa)Gf 


Liq, 


ic 


Cr2=C0Na 


H 


-O Cf-CH-CHp-CO^ 

1 

C^2=C0H 


7 

Phenyl Benzyl Ketone : 


A quantitative yield of the Michael adduct is obtained when 
4'-niethylchalcone is treated with phenylbenzyl ketone under 

O 

alkaline conditions. However, a pyrylim salt is produced, if 
triphenylmethyl perchlorate is used in the aforesaid reaction. 



Q_10 

Cyclopentanone-^ * 


Under the influence of diethylamlne or piperidine, chalcone 
reacts with cyclopentanone yielding a semicyclic-1 ,5-diketone, 
viz, , c7C,-b6nzoyl-^ -phenyl cyclopentanonylethane^ (II) 
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I - 

.4* 


0-HC' 
^ 1 
0COH2C 


O' 




(li) 


3-Methylcyclohexanone 


1 1 , 12 , 




The 1 jS-t^iketone , viz. , ^ -benzoyl- ^-phenyl (3-methyl 

cyclohexanonyl ) ethane, in two stereoisomeric forms is obtained 

by the reaction of 3-methyl cyclohexanone v;ith chalcone, under 

appropriate conditions. Michael reaction of chalcone with 2- 

1 0 

methylc 5 ''clohexanon 6 is also reported. 


Tetraphenylcyclopentadienone s 

2,3 ,4,5,6-Pentaphenylb6nzophenon6 ^ results from the 
reaction of chalcone and tetraphenylcyclopentadienone at an 
elevated temperature ('^500*). 


Menthone t 

A bicyclic ketoalcohol^ (III) or (I?) result by the 
interaction of chalcone and menthone in the presence of sodium 
ethoxide s 
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IS*-- 

0-CH 




2,4- Diphsnyl -5 ( or D- isopropyl - 8 (or 6) 
methyl 9--kgto~ 4 ~ hydroxy bicyclononone 



gene hone and Camphor s 

1 5 

Dihenzal triacetophenone is formed when chalcone is 
reacted with alcoholic sodium hydroxide in the presence of 
'fenchone or camphor, 

16 1 7 

glavanones * ' s 

Chalcone and flavanone undergo addition reaction in the 

presence of a hase, viz,, sodium amide, sodium or caustic alkali, 

to yield 2-phenyl-2-ph6nacyl 'benzyl 2,3-dihydro~1 ,4~'benzopyron6 . 

The presence of a 3’ ,4'-*methylenedioxy su'bstituent in the 

chalcone component retarife-the aforesaid reaction, while a nitro 

group inhi'bits the same,”^^ A mechanism for the aforesaid 

1 6 

reaction has "been suggested. 
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Michael adducts are formed when chalcone is allowed to 
react 2-substitut6d 5 ,6-benzochroirianone.'*^ The following 

serve as an illustrative example s 



^ CH = CHCOjZl 


Acetylacetone z 


Chalcone reacts with acetyl acetone^® (at 120*) to yield 
cyclohexenone derivative (7). When the above reaction is 



conducted at room temperature, an addition product (71) ig 
20 

obtained s 




OCHoO] 
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Dih.ydroresorcin.ol^'^ ; 

2- [_1-Phenyl-2-benzoyl ethyl] cyclohexane 2,6-dione (VII) 
has been secured 
0 


im 



* 0 COCH ==CH p 


(f) C0CH2 — CH- 


0 


0 





,0 


(Vi!) 


in 3B^o yield by the reaction olElhydroresorcinol and chalcone, 
5 , 5 --Dime thylcycl oh exandi one ; 


Condensation of VIII with chalcone or pp ' -dimethoxyohalcone 
in the presence of piperidine or sodium ethoxide gave IX^^ in a 

good yield . Higher yields were obtained with sodium ethoxide 
catalyst , 
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2-Nltro-'l ,3-Indan.(31on.e s 

A good yield (74%) of 1 ,3-diphen.yl-3 (2-nitro-l ,3-iiidandion- 

23 

2-yl)-1-propanone has been obtained by the interaction of 
chalcone with 2-niti’o-1 ,5-indandione in hexane. 

Benzylidene bis (acetophenone ) g 

24 

The synthesis of pyrylium salt has been achieved ^ by the 
interaction of benzylidene bis (acetophenone) with chalcone in 
acetic acid medium, using boron trifluoride as the catalyst. 

cx. 

1 ,3 tS-Triphenylpent^n-l .5~“dione ; 

The interaction of 1 ,3 »5“*triphenylpentan-1 ,5-dione and 

chalcone in presence of perchloric acid results in the formation 

23 25 

of pyrylium salt. In this reaction chalcone is reported to 

act as a hydride ion acceptor. 
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Bth}/'! Acetate s 

Chalcone undergoes a Michael type of reaction with ethyl 
1 

acetate , in the presence of triphenyl methyl sodium to yield 
ethyl c<, -acetyl^’ -phenyl- '^-benzoyl butyrate (66^). 

Ethyl Acetoacetate s 

Chalcone reacts with ethyl acetoacetate to yield a variety 
of different compounds, viz,, Michael adduct ,pyrylium salt ^ or 
cyclohexanone'^ derivative, depending upon the experimental condi, 
t ions employed. Thus, in the presence of boron trifluoride 
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etherate , the above reaction yields the pyrylium salt according 


5 

to the reaction s 

CH3COCH2COO Et » 9i COCH= CH <j> 




Here the chalcone , beside entering the reaction, also acts 

as a hydride ion acceptor and gets converted to dihydrochalcone. 
4 5-7 

Chalcone and its derivatives undergoes condensation with 
ethyl acetoacetate to yield the corresponding cyclohexanone 

/ Q 

derivatives. Example^’ s 

"‘f^CH= CH (j, * CH3COCH2-COC 

0 

C02Et 

9 

Euran analogue of chalcone also reacts with ethyl acetoacetate 
in the above manner. 





Ghalcones-carrying substituents in ring B- have been 

10 

reacted with ethyl phenyl acetate to yield butyrates of the 
following types E’-GgH^GH(CH2C0Ph)CHPhC02Et . tJnder Michael 



conditions -phenyl chalcones react with ethyl phenyl acetate 
to yield the adducts. 







Chalcones react with ethyl henzoyl acetate to yield the 
iiichael adduct, which on treatment with acid undergoes decarbe 
thoxylation to furnish the diketone ; 


4-M6O-CcH.-C-CH=GH 0 + CcHcCOCHo-C-OEt 


COOEt 


Ale. NaOH 


4“MeOC^:H. CQOH^CaiQfCHoCOef 


CNCH2 COOEfe; 
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HSCH2C00£t 

Pipcrdinc 


CH — CH2-'C0 

I 

SCH2C00Et 


COOEt 


Chalcone undergoes Michael addition when reacted with ethyl 
(2^ -cyanohutyrate. The kinetics of this reaction has heen 
investigated.^^ 



,,17 ' 

Chalcone and nitrochaloones are reported to react with 
ethyl thioglycolate, in the presence of piperidine, to yield an 
addition compound (I) and a cyclised product (II). 
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Malonic Esters s 

Malonic ester^’^® undergoes Michael addition with chaicone 
in the presence of a basic catalyst viz., piperidine, The 

18 19 

mechanism of this reaction is reported, Polyfluorochalcones 

also undergo the above-mentioned reaction, but with difficulty. 

20 

Chaicone has been found to react with malonic ester in 
basic medium (or in the presence of a complex derived from ketal 
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and potassium hydroxide)^'' to yield c^-caor'bethoxy- ^-phenyl- 
Y" -lenzoyl iDutyric ester ’ ^ (III). Depending, however, on the 
conditions of experiment, other products (IV and V) can also be 

nli+.a.i 5^4- 



(VI, 80^) with larger concentration of ethoxide (1 molar), 
however, VI undergoes complete retrogression^^ to yield sodium 
enol methylmalonic ester (905^), chalcone and traces of benzoyl , 
acetic ester. Butyric ester VI, obtained as above, but in the 
presence of piperidine, undergoes further reaction as illustrated^® s 

Ph-CE-CH(COOEt)COPh PhGH=C(CH^ )C00Et 

I — -C> + 

CH^-CH-GOOEt PhCOCH2GOOEt 

Ethyl alkyl malonate^*^ and chalcone undergo Michael 
condensation to give the product (alkyl = GH^I 80^), In the 
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other case (alkyl = ethyl) the expected Michael condensation 

27 

product is not isolahle. This has been attributed to steric 
hindrance as well as to the instability of the Michael addition 
product towards sodium ethoxide present in the reaction medium. 


Methyl Succinate s 


Methyl succinate reacts with chalcone yielding different 
7 12 

products ’ depending upon the reaction conditions. Thus 2 



11 

MeOOC— C-CH COOH 


(CH2COOMe)2 


c 

NaOH 


1,3, 6,8 -Tctraphcnyl -1,8-octandion(2 


Dimethyl Acetylene Dicarboxylate 


2--Hydroxychalcon6 and 2,2’ -"dihydroxychalcone react with^ 

dimethyl acetylene dicarboxylate (IMAD) to give a mixture of 

cv 

phenoxymaleates (VII), phenoxyfum^rates (7III) and some cycli< 
products , viz. , chromenes (IX) and or flavanones (X). The 


reaction of 3,5-dibromo-2,2 '-dihydroxychalcone with DMA.D is 
typical and is illustrated! 
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1 

Urea ; Chalcone reacts, under acid catalysis, with urea to 
yield 2-oxo-4,6-diphenyl-1 , 2,5 ,4'*tetrahydropyrimidine . Similaar 
reaction is reported to take place with arylidene his ureas. 

Thiourea s 2-oxo-4,6-diphenyl-3,6-dihydro-1 ,3-’‘thiazine (I) is 
2 

obtained by the reaction of chalcone with thiourea, in the 

presence of dilute sulphuric acid. The formation of I has been 
2 

rationalized as follows; 
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4-chloro-(and 4“niethoxy) chalcones, however, yield their 

2 ■ ■ ' 

corresponding dimers , when reacted under the above conditions. 


Cyanoacetamide ; Chalcone condenses with cyanoacetamide^ to yield 
a nitrogen heterocycle (II) 
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Malonamide g Depending upon the conditions of the experiment, 
different products (III or IV) are formed hy the reaction of 


cones with malonamide 


clj^ikc 




CO-CH2 CH 


CH(C0NHR2)2 

(I) 





-tii. 



N ,N-Dibr omobenzenesulphonamide"^ * ; 


The reaxjtion of Njl-dihromohenzenesulphonamide with 

chalcones presents an interesting example. Thus different 

■ 6 

products (vide infra) are formed with variously substituted 


chalcones s 



NHSO20 * PhS02NH2 


Iromatlc Thioamides 


7 'I 

1 ,3-Thiazinium salts' derived from chalcone have leen I 

s 

, , t 

secured by the following series of reactions; i 

i 
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Hydrocyanic acid s 

T 

Hydrocyanic acid is reported to react with chalcone to 

1 

yield an adduct, 0CH (GN)CH2C0(2^. The adduct has been transformed 
into acid, lactone, pyridazinone , and diol under appropriate 
reaction conditions. . 

The exchange, of hydrocyanic acid occurs between chaicone and 

2 ■ ■ 
acetone cyanohydrin in the presence of a base. Reaction may take 

either of the follpwing pathways-depending upon, the condition of 
2 

the experiment . Thus? 



COCH=CH (f, 


3)2C(0H)CN 


Aq-Na 2 C 03 

-MgOH 


(ZSCO CH2(CN)CH 
( 95 %) 


Satd.MeOH 


i/nu 


AliiDhatic and Alicvclic Nitriles 


)z!COCH2CH(4Cj!S(CN)CH2CO 


Aliphatic nitriles, RCH2CN, add across the carhonyl group of 

5 3 

chalcone to give ^ -hydroxynitriles • Thus, acetonitrile reacts 



with chalcone in the presence of lithim amide in liquid ammonia, 
to give aCH=CHC(OH)(CH2CN)0. 


jenzonitrile and Acetonitriles 


Chalcone hehaves as a less satisfactory olefin component in 


the Ritter reaction^ Thus benzonitrile reacted with chalcona in 


the presence of acid, resulting in the formation of 3"--benz;mido--3- 


phenylpropiophenone in a small yield. With acetonitrile, however 
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-Mmethylaminophenyl Aceiionitrile ; 


Chalcone undergoes conjugate addition with cX^-dimethyl- 
aniinophenyl acetonitrile, in the presence of potassium amide in 
liquid ammonia. The product ^ iS “tn^iphenyl- oiC - 


f; -CHCN 

NM<2 

2 


i) KNH 2 -NH 3 ( 1 ) 

ii) ^CH = CHCO0 

iii) NH 4 CI 


T T ’ Xm ' d ■■'' u ' xx ‘ y ' ZC ' c< iq^^ xxxj'’XJ''Xj'V'''xx'xx:p^^ 


JZS-CH-CH2C' ' 

i!i-C-CN 

I 

NMe 

2 


Ethyl-'^-cyano- P -diphenylbutyrate 


Chalcone reacts with the title compound, in the presence of 
sodium ethoxide in ethanol, to give 3-i)enzoyl-4-keto-1 ,2,6- 

fi 

triph enylcyclohexane nitrile” . : 


Potassium Isocyanide s 


• -7 ■ 7 

Chalcone' and potassium isocyanide , in boiling methanol, 
yield an addition product, 0CH £C0(C1T)CH2-CO0’^ GH2C0C^, according 
to the following scheme ; 




0 CH — CH= C(OK)0 


0CH = CHCO0 * me 


CNK 


CH--GH2CO0 


* 0CH==CHCO0 


CNK 


unxcrosuipnonyi isocyanate 


Chlorosulphonyl isocyanate is reported® to react with 
chalcone to yield N-chlorosulphonyl-4 j6-'diphenyl-2-oxo-3,4~di 
hydro-1 ,3-oxazin6 55';0 5 the latter cmipound on reduction 




C M&P 

9 


with thiophenol-pyridine gives ICh) 


izi-CH-CH2C0j!i 

0-C(CN)-CH2CO 
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In the case of 4 (and 4* )“nLethoxy chalcones, however, the 
reaction with chlorosulphonyl isocyanate leads to the formation 
of N-chlorosulphonylimine^, R’ -C(=NS 02 C 1 )CH=CH-R , via the 
unstable 1 ,3-oxazetidin-2-one . 

References 

1. Ravey, W. and Tivey, D.J., J. Chem. Soc., 1250 (1958). 

2. Betts, B.E. and Davey, W., J. Chem. Soc,, 4193 (1958). 

3. Popandova, K.7., Ivanov, K,, Dokl. Bolg, Akad. Nauk, 24 < 
621 (1971)? Chem. Abstr., 25, 98296^ (1971). 

4. Scheuer, P.J., Botelho, H.C. and Pauling, C., J. Org. Chem,, 
22, 674 (1957). 

5. Taylor, H.M. and Hauser, C.R., J. Am. Chem, Soc., 82, 1790 
(1960). 

6. Helmkamp, R.W., Tanghe, L.J, and Plati, J.T., J. Am. Chem. 
Soc., 3215 (1940), 

7. Michael, A. and Weiner, N., J. Am, Chem, Soc., 744 
(1937). 

8. Bhar, B.N,, Mehta, c, and Suri, S.C., Indian J. Chem., 14B , 
477 (1976). 

9. Bhar, B.N. and Suri, S.C, , Indian J. Chem,, 18B , 281 (1979), 



Ill 


CHAPTER - 4.7 

REACTION OP CHAL CONES WITH AMINES 


Methylamine in 

Methoxyamine -]T^ 

Aniline i ■] 2 

1 -Cyano- 2 -Methyl-’ 2 -aniinoethylene 113 

-Aminolienzenethiol II3 

Pyrrolidine 1 13 

Iodine -aiiiine Complexes II4 

Tri amino guanidine Salt II5 

Amidines 116 

References 1 iy 


Methylamine s 

N ,N -'bis ( c<-phenacylbenzyl) methylamine , £ CH^N (-CHCf) 
CHgCOi/jg results by the interaction of chalcone with methylamine 
in ethanolic solution. 

Methoxyamine s 

2 

Methoxyamine reacts with chalcone and its or £' 

substituted analogue to give the addition product, y 5 >-methoxy- 

aminopropiophenone and^^ ' -»methoxyimino -bis -propiophenone . In 

the presence of strong base, the addition product obtained, for 

2 

sxample in the case of chalcone, undergoes rearrangement to 
yield -amino chalcone iSA-fo) 






gfOE = CHC 05 ^ CH^ONH 


Aziridines have been, prepared from chalcones in the 
11 owing ways 


M(20NH2 


McO-CfiM/COCH 


M€0-CeH4C0CH2 


CH(NHOMe)0 NgQMg/MgOH 


The addition product, 0 -anilino-benzylacetophenone^, is 

> 

formed by the reaction of chalcone with aniline . In the case of 
other primary aromatic amines, the addition of the hydrochloride 
salt of the amine is preferred and the yields of products range 
from 27-555S. 

Nitromethylchalcones have been reported to react with 
p-nitro-N,N-dimethylaniline (NM), illustrating the reaction fll 
capacity of the methyl group, - 
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1 -Cyano-2~Meth.Yl-2-aniiaoethvlene 


5-cyan,o-4-pheiiylpyridines have been secured by the reaction 
of 1 -cyano-2-niethyl-2-airiinoethylene with chalcones, which have 
been subsequently transformed into 2-a2afluorenones'^ . 


■.•y(.-ADiinobenz6nethiol ; 


Two products are formed in the reaction of o<^-aminobenzene- 
thiol with chalcone, viz, , ^ -phenyl- (o-aminophenylmercapto) 


propiophenone and its cyclised products 2 ,4-diphenyl-6 ,7-benzo-1 - 



thia-5-aza-4 »6-cycloheptadiene° t 


.SCH((!i)CH 




The reaction of cis - and trans -ch ale ones with pyrrolidine 
has been investigated^. It has been shown^ that cis-chalcone 
changes to the corresponding trans -isomer (vide infra ) before 
yielding the Michael adduct 5 
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0 


1} 

0-~C 


\ 


c 


H 


/ 


* 


+ NH(CH2)4 


0 


H 


e 

0 


C f 

'NX 

1^NH(CH2)4 
^ H 


e 

0 


0-C H 

C — C""‘‘ NH (CH 2 )4 

/ 


0 

11 

0-*C 






H 


/ 


H 

z * NH(CH2)/. 


Iodine-amine Complexes ; 



10 


Ethyleneimine ketones are formed by the action of iodine 

complexes of ammonia or primary amines \,rith chalcones. ©<. 

Ciaminobenzylacetophenone , however, are produced when chalcone is 

reacted with a secondary amine-iodine complex. 

11 

It has been observed that in the preparation of ethylene- 
imine ketone, the nature of solvent has a decisive influence upon 

1 1 

the configuration of the end product. Por example , the reaction 
of trans -cfaalcone with cyclohexylamine iodine complex, in 
methanolic solution yields 88^ of trans -1 -cyGloh6xyl-2-phenyl-3- 
benzoylethyleneimine as compared to 61-75^ in benzene. On the 
other hand, substitution of methanol for benzene in reaction of 
cyclohexylamine with trans - oC -bromochalcone greatly increased the 
proportion of c is -ethylene imine ketone. 





i-tc; V*' 


Ortho — substituted chalcone/ react with amines 


presence of iodine 


, to give different products, depending upon the 
nature of the 2 ' -substituent , The following table illustrates 
,j^^h6 various products that are formed s 


C6Hi^NH2+l2 


Amine 4-t 

^(R = Acy 


CHCl— 




C^H^l NH2 
.HCI-EtaO 
CR=Ac;H] 
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The reaction, of chalcone with triaminoguanidine^^ is slow, 
and yields the correeljonding hydrazone (75>o) of the types 
(IlE’C = NNH )2 C = N-N = CER’ , where R = Phenyl and R' = Styryl 
groups respectively. 


Amidines^^ ° 

Amidine hydrochloride is reported to react with chalcone to 
yield the cyclo-addition product, viz,, 2 ,4,6-triphenylpyrimidin6 , 



ketone 


117 


References 

1. Cromwell, N.H. and Caughlan, J^., J. Am. Chem. Soc,, 6? < 

2235 (1945). 

2. Blatt , A.H., J. Am. Chem. Soc., £1_, 3494 (1939). 

3. Ri'efahl, G., Ponsold, K. and Schoenecker, B., Chem, Ber., 97 » 
2014 (1964). 

4. Cromwell, N.H., Wiles, Q.T. and Schroeder, O.C., J. Am. Chem, 
Soc. , 64, 2432 (1942). 

5. Kozlov, R.S. and Shur, I. A., Zh. Ohshch. Khim,, 50, 2746 
(I960). 

6. Chardonnens , L. and Venetz, J,, Helv. Chim. Acta, 1278 
(1939). 

7. Chatter jee, J.N. and Prasad, K., J. Sci. Ind. Research (India), 
14B , 383 (1955). 

8. Stephens, W.B. and Field, L., J. Org, Chem., 1576 (1959). 

9. Menger, P.M. and Smith, J.H., J. Am. Chem, Soc., 91, 4211 
(1969). 

10. Southwick, P.L. and Christman, D.R., J. Am. Chem. Soc., 74, 

1886 (1952). 

11. Southwick, P.l. and Shozda, R.J., J. Am. Chem. Soc., 82, 

2888 (I960). 

12. Bognar, R., Litkei, G. and Szigeti, P., Acta Chim. (Budapest), 
68, 421 (1971)? Chem. Ahstr., 35620® (1971). 

13. liitkei, G, , Bognar, R,, Szigeti, P. and Trapp, 7,, Acta Chim. 
(Budapest), 13, 71 (1972)? Chem. Ahstr. , H, 88219^ (1972). 



118 


14. Scotty P.L., Gashman, M. and Reilly, J., J. Am, Chem. Soc,, 
75, 1510 (1953). 

15. Dodson, R.M. and Seyler, J.K., J. Org. Chem., J6, 461 (1951). 

16. Vais, A.L., Shyrina, V.M. and Mamaev, V.P., Izv . Sib. Otd. 
Akad. Nauk; SSSR, Ser. Khim. Rank, (6), 144 (1975) I Ghem. 
Abstr., 84, 105528^ (1976). 



119 


CliAPTER - 4.8 


¥ 


A. Reaction of Chalcones with Organometallic Compounds 


Lithium Acetylide 

Phenyl-alkali Metals. 

Benzhydryl Sodium 

Aryl Copper 

Liphe nyl Beryllium 

Biphenyl Mercury 

Triphenyl Aluminiura, Triphenyl Indium and 
Triphenyl Thallium 

Triphenyl-methyl Sodium 

Triphenyl-cadEiiuru-lithium 

Triphenyl-tin-lithium 

Tetraphenyl Boro-oopper. 
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122 

122 

122 

122 

122 

123 

123 

123 


B. Reaction with Organo-magnesiuiri Compounds 

Methyl Magnesium Bromide 123 

Ethyl Magnesium Broirdde 123 


n-Butyl Magnesium Bromide 124 

Phenyl Magnesivim Bromide 124 

Organo-Magnesium Compounds 125 

Aiiiino -Magnesium Compounds 125 
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A. Reaction with Organometallic Coiiipoun.ds 

Lithium Acetylide ; 

The reaction of chalcone with lithium acetylide in liquid 
ammonia yields the corresponding ethynyl carhinol (1s2-adduct) in 
a good yield (8V/0 . 


Phenyl-alkali Metals ; 

Phenyl lithium, phenyl sodium and phenyl potassium react with 

2 

chalcone to yield mainly the 1,2-addition products (60-75^/S)5 


Ph 

PhM ^ 

Ph-C-CH=CH-Ph ■' » Ph-C-CH=GH-Ph 

1! i 

0 OM 

(M = Li, Na or K) 


The mode of addition of the organometallic compound to 
chalcone depends upon the reactivity of the former. In these 
cases, the addition may occur either across the double bond and/or 
the carbonyl group of chalcone molecule. The following examples 
are illustrative i 


QfCOCH=CH-0 



02C(OH)CH=CH5f ( 52 ‘/) 
(I) 


I (695o) + 0COCH2CHGf2 
(II) 


(15/o) 
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Reaction with excess phenyl lithium is reported^ to yield 

1 ,1 ,2,3 ,3-pentaphenyl propanol hesides the diphenyl styryl carhinol 

(I). 


Phenyl lithium is also reported to add to trans -o^- 
phenylchalcone (III), yielding 33^ of the 1,4-addition product (IV) 
an^ 48^ of the 1,2-addition products 


m 


H 


CO 0 


Phli 


_)!f2CH-CH(szS)C0 

(IV) 






0 0 
(ni) 



(V) 


Low temperature reaction of chalcone with phenyl lithium. 



followed hy decomposition of the reaction-mixture with water gives 
two products^, viz., PhGH=CHGPh20H (84^) and Ph^GH-CHgCOPh (16^) 
respectively. 


Benzhydryl Sodium s 

7 

Ghalcone reacts with benzhydryl sodium' according to the 
following reactions 


Ph^GHHa 

PhGOCH=GHPh — ^ > PhCOCHg-CH-Ph 

GHPh2 
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Aryl Copper s 

^ 8 • 

Chalcone reacts with ^yl copper in the presence of aryl 
iodide, under Ullmann conditions, to give among other products, 

^ -aryl chalcone in small amounts. 

Diphenyl Beryllium; ,J 

3 

Diphenyl 'beryllipm reacts with chalcone to give PhC00H2CHPh2 
in a high yield ('~' 905o). 

Diphenyl Mercury i 

Q 

Diphenyl mercury reacts with chalcone in the manner 
indicated s 

PhOOCH=OHPh PhgHg > PhHgCgH^OH=OHCOPh 

( 76 ^) 

Iriphenyl Aluminium, Triphenyl Indium and Triphenyl Thallium ; 

/ 

^ -Diphenylpropiophenone is obtained when chalcone is 

10 11 

reacted with triphenyl aluminiiM or triphenyl indium. Under 

12 

the same reaction conditions, triphenyl thallim, however, 
yields an additional product, viz,, -phenyl- T-benzhydryl- 
butyrophenone (505^), ■ 

Triphenyl Methyl Sodium s 

The title reagent is reported^ to react with chalcone to 
yield 2,3,3, 3“tetraph6nylpropyl phenyl ketone (25-35^). 
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Triphenyl^cadmiiim-lithium s 

13 

Ghalcone and triphenyl-cadmium-lithium react to give» after 
hydrolysis, three products, viz., diphenylpropiophenone (21^), 
diphenyl styryl carbinol (6^) and^-phenyl-y'-hanzo^^l-y- 
■benzhyclrylbutyrophenone (1.8^5). 

Triphenyl-tin-lithium ; 

Tetraphenyl-tin ^ is produced in the reaction of 

chalcone with triphenyl tin lithium. 

Tetraphenyl boro-copper s 

1 5 

The pyridine salt of tetraphenyl boro-copper and chalcone 
after reaction furnish -diph enylpr opiophenone ( 29^ ) , 

B . Reaction With Qrgano -magnesium Compounds 
Methyl Magnesium Bromide s 

Chalcone reacts with excess of methyl magnesium bromide to 

yield the 1,4-addition product , yS “Phenyl-butyrophenone* ' or 

17 

the bimolecular compound. Sometimes a secondary product, viz., 

1 ,3 ,5-triphenyl-4-b6nzoylhex-1 ,3-diene is obtained. 

Ethyl Magnesium Bromide s 

The products fcrmed. in the reaction of chalcone with ethyl 
magnesium bromide corresponds to 1,2- and t, 4-addition. 
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1 ,2~Addition ^ 


5fCH=CHCO(2f - 


0CH=CHC (0H)(C2H5 )(2f 
(40^) 


X Tt . 4“-Additioji ^ Q^CH(C^H^)CH^CO0 

(SOfo) 

The effect of some metallic chlorides on the reaction of 

16 

chalcone with Grignard reagents is reported. For the formation 
of reduction dimers, cobalt chloride acts as a powerful catalyst 
compared to cuprous and ferric chlorides. 


n-Butyl Magnesium Bromide; 



The relative activities of chalcones, carrying an - or 
^ -methyl substituents towards n-butyl magnesium bromide have beei 

i O 1 R 

studied. ^-Methyl compounds are reported to be more reactive 
in comparison to their c<(^-isome3ps. 


Phenyl Magnesiunpi Bromide ; 

The reaction of the traas chalcone with two equivalent of 

phenyl magnesium bromide yields two products, viz,, 3,3‘-diphenyl- 

propiophenone (63f^) and trans -1 ,1 ,3~triph6nyl~2-prop6n-1-ol 

(6^) respectively. However, a different.product viz., 1,1,5,3- 

tetraphenyl-1 -propanol results by varying the experimental 

conditions in the above reaction. Variation in the manner of 

work-up of the Grignard reaction mixture, n^ely the treatment 

2t 22 

with dry ice, is reported ’ to yield 2-benzhydryl-3-hydrox:y- 
3 ,3-dipb6nylpropionic acid, ' 
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The mode of addition of phenyl magnesium bromide to chalcone 
depends upon the chemical nature of the substituents.^^ Thus, the 
principal product of the reaction with 4-carboethoxychalcone is a 
saturated ketone, while in the case of 4-dimethylaminochalcone , 
the product is (o(^ , B -unsaturated alcohol. 




The Grignard reaction of trans chalcone with Me^CHCHoCOCHXCHMe 


MeoCHCHoCOCHCCHMe 


two diastereoisomeric diketones (VI and VII) 


rn ril Me2CHCH2CQ: ’ 


The reaction of various magnesium carbonyls with trans - 
chalcone has been studied, Whether the addition occurs at 


carbonyl or olefinic sites of chalcone, depends upon the nature 
of the added nucleophile.. 



26 

Dypnopinacols (50-705^) have been secured ° by the interaction 
of chalcones with dypnones under the influence of an amino - 
magnesium confound , 
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CHAPTER - 4.9 

REACTION ‘op CHALCONES WITH HALOGENS, PSEULO -HALOGENS AND 
INTER-HALOGEN COMPOUNDS 


Chlorine 128 

Bromine 128 

Kinetics of Bromine Addition. 129 

* Debromination of Chalcone Dibromides 129 

ladine Monochloride 1 30 

Bromine Fluoride and Bromine Chloride , 130 

Chlorine Thiocyanate, Thiocyanogen and Iodine Thiocyanate.. 131 
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Chlorine: 

Chalcone reacts with chlorine to yield two stereoisomeric 
chalcone , p dichlorides. The dichlorides*^ , under appro- 
priate reaction conditions are convertable .to o^-'chlorochalcone 

(80>O. 

Bromine s 

A large number of chalcone .dibromides have been 

3-13 

prepared, BromLnation is effected either by the reaction of 

bromine^"^* ^ ^ (in. carbon disulphide or acetic acid), 

10 •' 
tetrabromo-o-benzoquinone 1-bromo-2-m6thyl-2-imidazolihe 

hydrobromide or 1,3-dibromo-5,5'-dim6thylhydantoin^^ on 
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chalcones. The reaction with bromine is sometimes attended with 

11-13 

nuclear bromination (ring A and/or ring B of chalcone) 

depending upon the reaction conditions employed. 


Kinetics of Bromine Addition; 


The kinetics of bromine addition to chalcone and its deriya- 

1 *1 7 

tives have been investigated ' and a two-step mechanism of this 

.18 


tion has been proposed 

slow 

jzi— C-CH ««CH^ ♦ Br2 



0 

i! ® 

0-C-CH--CH-0 

Br 





0 . 0 
II • i 


jjC“*~CH^CH, + Br 
m \g/ 


© fast 




0 

11 

C-CHBf 


CHBr—0 

' \ if. 1 I ' , ' '« 


3mination of Chalcone Dibromides 


Chalcone o( » ^ dibromides on treatment with potassium iodide 

3 7 

in acetone are reported *' to undergo debromination to yield the 

1 Q 

respective chalcones, Debromination has been achieved by 
reacting the chalcone dibromide with stannous chloride in various 
solvents, viz., acetone, tetrahydrofuran and dimethylformamlde. 

In a methanolic solution, chalcone reacts with bromine (at 
25-30*) to give a mixture of two products, * viz.,oi/-bromo-p - 
methoxy-^-phenylpropiophenone (23^) and chalcone -dibromide 

i.5fo). The yield of the former product is raised if the reaction 
is conducted at higher temperature (65 * ). likewise <<-chloro- - 
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A 

methoxy- p-phenylpropiophenon.e has been secured in 56^ yield by 

conducting the reaction of chalcone with chlorine (in methanol) at 

21 

25-30*. The mechanism of the reaction has been postulated as 
follows : 

X 2 + CH^OH CH^OX + HX 

(X = Cl, Br) 

(2f-OOCH=fGH-0 + CH^OX O QfC0CHX-CH(0C5i^ )-(? 

Iodine Monochloride ; 

Treatment of chiral crystals of 4,4' -dimethylchalcone with 

22 

chlorine, bromine or iodine monochloride is reported to yield 

optically acjiive dihalides. The reaction of iodine chloride and 

23 

2' -hydro xych ale one has been shown to yield products depending 
upon the nature of substituent (s). Thus iodine chloride reacts 
with 2 ' -hydroxy-3 ’ ,5 '-dimethyl-4-methoxychalcone to yield 3-iodo- 
6 ,8-dimethylflavanone . Chalcone lacking in strong electron donor 
substituent (e.g., methoxy), however, undergoes addition reaction 
with iodine chloride. Nevertheless, nuclear haloganat ion , in 
preference to addition reaction, is reported to occur in one case, 
via . , 2’ -hydroxy-4 ’ ,6 ' -dimethoxychalcpne . 

Bromine Fluoride and Bromine Chloride i 

24 25 

Bromine fluoride and bromine chloride are reported to 
add to the olefinic double bond of chalcone molecule, thus? 
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0 0 

C-CH = CH-/qVr^. Brx— ^R'-Zr^C-CHBr-CHX 

U=F.C1) 


Chlorine Thiocyanate, Thioc.Yano^en and Iodine Thiooyan.ate ; 



2fi 

Chlorine thiocyanate, thiocyanogen and iodine thiocyanate 
add across the double bond of chalcone molecule, From the addition 
products, obtained in the first two cases, -thiocyanatochalcones 
have been secixred by dehydrohalogenation. 
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Rormation of Rlavanones s 

The conversion of substituted 2 * -hydroxychaloones into 
their corresponding flavanones is usually effected under the 

influence of mineral acids. The optimum time of reaction, 

ft 

in the presence of phosphoric acid, has been reported to be in 
the range of 20-30 hours. The reaction time, however, varies 

ft ' 

with the nature of alcohol used as a solvent. Higher alcohols 
are not suitable since these promote side reactions. The 

yield of flavanones is, by and large, independent of the 

ft 

concentration of phosphoric acid. 
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1 

The preparation of d-7-hydroxyflavanone has been achieved 
hy heating 2’ ,4'-dihydroxychalcone with d-camphorsulphonic 
acid. The temperature and duration of heating are reported to 
he important factors for the production of maximum optical 
activity. 

Some of the hydroxynitro chalcones (hearing a 2 '-hydroxyl) 
have heen cyclised to their corresponding flavanones. The 
chelation of the nitro group with 2’ -hydroxyl is an 
important parameter in determining the stability of chalcone in 

7 

respect of its conversion to flavanone . 

17 18 

Oftentimes dilute alkali has heen used ' ’ to bring 
about the cyclisation of polyhydroxychalcones (taking butein 
a,s an example) into their corresponding flavanones. The 
synthesis of several flavanones and ^“benzylidene flavanones, 
using appropriately substituted chalcones as the starting 
materials, are reported in the literature.^^”^^’^'^*^® 

The quantitative influence of substituent effects on the 
cyclisation kinetics of 2’-hydro3{ychalcone into flavanone has 
been studied. Reaction mechanisms have been proposed^^”^^ 
for this type of transformation, 

- or -Cyclisation^^ s ^ . 

! "1 

The or ^ -cyclis^tionl of chalcone to yield aurone or 

flavanone* depends upon the nature of the ot -substituent (with 

^ „ ■ ' ■■ % "■ 

respect to the carbonyl group) and pH of the reaction medium. 
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Amongst the parameters regulating the -cyclisation mm 
includeit the stability of the resulting flavanones, acidity of 
the 3-protons and the presence of a 5-hydroxylic function. 


Formation of Benzylidene Coumaranones , Chromones and Ghromanones i 

Under appropriate reaction conditions hydroxychalcones 
have been transformed into benzylidene-coumaranones'^^”^^ and 
hydro xychr omone s 

By caxrying out the AFO reaction on 2’ -hydroxychalcones, 

containing an oC-phonyl substituent, the synthesis of chromanones 

45 

has been achieved. 


Formation of Flavonols'* ^ 

fiA 

Aurones and Dihydrof lavonols°^ s 


2 ' -Hydroxychalcones on oxidation with alkaline hydrogen 
peroxide give flavonolsJ^’"^^’^^”'^^*^^”^^ This reaction is 


often referred to as Algar-Flynn-Oyamada (AFO) reaction. 
However, if there is a methoxy^^ or methyl substituent at 6'- 
position in chalcone aurones are formed, provided there 
is no hydroXylic function present at 2- or 4-positions^® 
and that the reaction is carried out at room iiemperature . An 



aurone derivative (I) isolate^ in the AFO reaction of 2’- 
hydroxy-o( ,4' ,6 '-trimetho:3^^s%cone has been shown^^ to have 
an erythro configuration, ' 
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fyP 

Similar results have been, reported” in respect of 2',4'- 
dihydroxy-3’-nitrochalcone (II) and 2’ ,6 '-dihydroxy-3 ’-nitro- 
chalcone (III) when these are treated with pyridine and alkaline 
hydrogen peroxide. Thus, under these reaction conditions, II 

fy p 

yield 7“hydroxy-8-nitroflavonol and III gives the oorreapon- 

C p 

ding aurone , The chalcone bearing a nitro substituent (X=:N02) 

i 

however, fails to undergo the APO reaction. 

Two additional products (IV and V) are reported^^*^^ to 
be formed in the APO reaction of chalcone. The rationale for 



Plavanones^^'*^^ can also be converted into flavonols, with 
alkaline hydrogen peroxide. In this case the reaction is 

PA— PR 

reported ^ ^ to proceed through the intermediacy of 2'~hydroxy- 

chalcone and dihydrof lavonol , 

67 

Hydroxyflavonols have been secured by the rearrangement 
of e.^-nitrochalcone epoxides. 

The geometric isomers of dihydroxyflavonols have been 

68 

prepared. The following sequence of steps were employed, for 
example, in the synthesis of cis and tran3 -3* ,4' •,-7-trim6thoxv- 
dibydrof lavonols . 
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Plavones have been prepared from appropriately substituted 


chalcones either by their oxidation with selenium 
dioxidej^’^^*^”* or by heating with palladium black,®^’®^ 
Oirsimaritin — a f lav one derivative, for example, has been 
secured"^^ by the reaction of 2’-hydroxy-4-benzoyloxy-4’ ,5’ ,6'- 
trimethoxyohaloone with selenium dioxide, followed by debenzoyl- 
ation and partial demethylati on. The syntheses of naturally 
occurring flavones,*^^ viz., cirsiliol and cirsilineol are based 



HO 


on the aforesaid reaction. 7-Hydroxyflavone , on the other hand, 
has been secured®^ in 35^ yield by heating (at 220*) 2’,4'- 
dihydroxychalcone with palladium. 


An alternative methods'^ of preparing flavones in high yield 
consists in the reaction of 2'-hyaroxyohaloone (sodium salt) 
with lithium ohloropalladite (ICP). The following mechanism has 



leen postulated for the reaction 


Ar LCP *• MeCN/EtOH 


ii^i 


obtained as a mix'iure of axial and 


isomers, from 


2'-hydro:«y-4-methoxyohaloones hy initial hromination, followed 


hy iodine catalysed oyolisation of the resulting chaloone 


dibromide. 





formation of Isoflavones s 

Two approaches®^”^'^ have iDeen made for effecting the 
synthesis of isoflavonos and are illustrated hy the following 
t\TO examples t 

OIT 

3’ 57-Dihydroxy-4'-methoxyisoflavone has been prepared ^ 
by the following series of reactions ; 


O/ Epoxidation 


(R = CH2 ?S) 



Pormation of Isoflavoness 


Two approaches^^”^'^ have been made for effecting the 
synthesis of isoflavoncs and are illustrated by the following 
two examples s 

pc 

5’ ,7“Dihydroxy-4' -methoxyisoflavone has been prepared 
by the following series of reactions i 






;hydrox.y-2-nitro-3 * -methyl chalcone 


NaOH 


SO2/MGOI 






The naturally occurring 2' ,5’ ,4^6 ,7-p6ntamethoxy- and 
2 ' ,4' ,5 ' ,6 ,7-pentam6thoxy isoflavones have "been secnred^^ hy 
the action of thallic nitrate on appropriately substituted 
chalcones. 


The title compound undergoes cyclisation in the presence 
of caustic alkali, to yield 10-hydroxy-2-methyl-1 - 
bettzopji'anet_3,2-b>inaole 11-ono, (Tl). Treatment of the 
latter with sulphur dioxifle in methanol yields the following 


impound (VII) 
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CHAPTER - 6 


BIOCMmL CYOBISAIIOM A® DEaHABATIOH OB OHALCONES 


.formation of Flavanones 

Ben2;alcoTamaj?anon.e 
Plavonol and Aurone 

Anthooyanin and Other Blavonolds 

degradation of Chalcones 

References 


ormation nf .p; 


Qx onaicone and flavanone 
phlorogluoinol type of substitution, has been aooo.. 

pH = 7, by the aid of enzyme isolated from the peel 

SJSSatijffi. Other sources of the enzyme are the pee: 

0. n atsudaidal , c. iunn*^ n ^ 

~ — ’ ki_nobil^, C. 08 eudnp A.T.^h 

Poncir us trifoliata . 

2',4,4'-Trlhydroryohaloon6 has been suooessfull 
to the optio’ally active 4' .7-dihydroxy-flavanone, by 

mediation of the isomerase j:- 


with 
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However, the chalcone-flavanone isomerase isolated either from 

the young leaves of Satis oa oannahina or from three different 

seedlings,^ viz., phaseolus aureus . Cicer arietinum and 

Petroselinum hortense has failed in its action on chalcone 

glucoside, including those having a resorcinol type"^ of suhsti- 

tution in ring A. It is interesting to note that the chalcone 

isomerase isolated either from the flowers of Apeldoorn tulips 

5 

or 1 ilium candid urn is active against 2’,4,4-’,6'-tetrahydroxy- 

chalcone , hut is ineffective against 2’ ,4,4’ -trihydroxychalcone. 

Several studies have heSn reported about the 

chaloone->flavanon6 isomeirasQ activity in plants. The chalcone - 

flavanone isomerase obtained from soyabean seeds has been 
1 o 

purified. The kinetics of the isomerisation reaction, viz., 

isoliquiritigenin to liquiritigenin, conducted under the 

10 

influence of the aforesaid enzyme has been examined. 

Formation of Benzal-coumaranone s 

Enzyme catalysed transformation, at pH 5-'6, of hydroxy- 

chalcone glycoside to hydroxy benzalcoumaranone glycoside has 
1 1 

been reported. The required enzyme is obtained by alcoboli* 
extraction of the macerated rays of Coreopsis lanoeolata . 

Formation of Flavonol and Aurone s 

Under aerobic conditions and in the presence of trace 
quantity of hydrogen peroxide, isoliquiritigenin (2’ ,4,4*- 
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trihydroxychalcone) undergoes catalyzed oxidation ly Horse- 

1 2 

raddish peroxidase to yield 4’ ,7-dihydroxyflavonol and 4’ ,6- 
dihydroxyaurone . A similar reaction occurs under the influence 
of cell-free extracts of hypocotys obtained from Phase plus 
vulgaris .. 

Format ion of Anthocyanin and Other Plavonoids ; 

It has been established that 2’ ,3,454’ ,6 '-penta- 
hydroxychalcone-4' -glucoside serves as a precursor in the 
s3mthesis of anthocyanin^ and other flavonoids^^ in Petunia 
hybrida . 

On the basis of radioactive labelled feeding experiments 

^ f\ T *7 

it has been shovm * ^ that chalcones, rather than flavanones, 

are the intermediate precursors in the synthesis of other 

1 B 

flavanoids, 2' ,4,4’-'Ti‘ihydroxychalcone is reported to be 

a precursor in the biosynthesis of coumestrol in the seedlings 

1 Q 

0^ Phase plus aureus . Further, it has been shown that there 
is maximum incorporation of the aforesaid chalcone into 
amorphigenin by germinating Amorpha frutucosa seeds. 

Degradation of Ohalcones s 

A few esses of degradation by chalcones brought about by 

20 21 

plant cell suspension oultures have been reported. * For 
example , 2 ’ ,4 ,4 * ,6 ’ -tetrahydroxyohalcone-P ’ - ^-D-glucoside^^ 
undergoes degradation by callus suspension cultures of Pisum 
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sativum L., into para -hydroxy'benzo ic acid and 3 -(hydrox 3 rphenyl)- 
iDrop-2-enoic acid. 

The chalcone content in the peel of pine apple fruit is 
22 

reported to decrease with maturity. 
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With Caustic Alkali g 

The olefinic bond in the chalcone inolecule undergoes 
cleavage when refluxed with concentrated alkali (i.e., 0.3 molar) 
giving rise to acetophenone and benzaldehyde. Kinetic study^ of 
the above reaction has been carried out, and mechanisml*"^ ha.-m 
^^^^^put forward to explain the formation of these produ 



159 





n case of some ohaloones, higher molecular weight compounds 
have been Isolated. Thus aulsal-^(3 ,4-aimethoxy-aoetophenone )6 
IS produced by the reaction of caustic alkali with 3',4,4'- 
trimethoxychalc one . 


With Sulphuric Acid 


Chalcones usually show halochromic 
concentrated sulphuric acid ( vide haloch 
remain unchanged on this treatment, whil 
to sulphonation,"^ in ring B, Thus 4-met 
dimethoxychalcone are converted, in the 
corresponding sulphonic acid derivatives 
remains unaffected . 

The following reactions take*^ place 
with sulphuric acid, fhe first step is i 
carbonyl oxygen followed by the slow fore 

acid^ 


■**=CHC0.,?5 H2SO4- =5=f!5: 0CH«:C 
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With Pol.Tphosphoric Acid (PPA) ; 

Chalcone is transformed into 3”phen3rlindan-1-one (50^) when 



iW*ft.de reactions, one leading to the forma^l^ of dihydro- 

chalcone and the other to an aromatic acid (formed by p<.~carbonyl 

N 9 

cleavage) have been observed. 

With Phenylacetic Acid ; 

Ghalcone reacts with disodiophenyl acetic acid (prepared by 

the interaction of the acid with two equivalents of sodium amide 

1 0 

in liquid ammonia) to give the corresponding keto acid in 
excellent yield; 

? 

0- CH— CH^ - C = 0 
Na i (?CH=GIiCOCf l 

0 CH COONa > i 

ii HgO, HCl 0— CH- COOH 

With SodiUBL Bisulphite ; 

2*-Hydroxychalcone is reported to react (at 135’) with 
bisulphite to yield 21^ of 2 (o-hydroxybenzoyD-l-pbenylethane 
sulphonic acid. 4' -Hydroxy-2 '-methoxychalcone and 4.’-hydroxy- 
3 ,5 ' ,4-trimethoxyGhalcone react with sodium bisulphite in an 
analogous fashion. 



161 


With Alkali Sulphide ; 


Chalcone hydro sulphide ,''2 CfCH = GH-0-C(OH)-SH is produced 
when, chalcone, in alcoholic potassium hydroxide is saturated with 
hydrogen sulphide. Dibenzalacetophenone disulphide ^ however, 
results when chalcone and NaSH are treated in an alcoholic 
solution, Ti:a^-<5(-hromomethylchalcone reacts with sodium 



6 -Nitrochalcones landergo reductive cyclisation^'^ with 



With Anhydrous Aluminium Chlorides 


Chalcone undergoes oyclisation with fused AlCl,~NaCl to 

yield the 3-phenyl-1-indanon6 ( 60 ^).^^ 
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unde. Prledel-orafte oonditions, ohaloonee In general yield 
different products depending upon several factors,’® >’’7 
example, time and temperature of reaction and sterio influences. 
Chalcone on treatment with anhydrous AlClj in benzene yields 

'-diphenyl propiophenone (90^)’? together with small amounts of 
3-phenyl hydrlndone’7 and =is-chalcone.’8 While on the other hand 
methyl and o( -phenyl ohaloones, under similar oonditions yield 
the corresponding hydrindones. In these two cases apparently the 
sterio effects’’’' are responsible for the formation of hydrindone 
in preference to the addition product. There are also reports 
about the preparation of ,e,fi'-dlsubstituted propiophenones’9 
and/or of substituted hydrindones^O based on the aforesaid 
reaction. Aluminium chloride is also reported^’ to bring about 
partial demethylation. Thus £ ■-hydroxy-4' ,6' -dimethoxy chalcone. 

under the above conditions, yields 2' ,4'-dihydroxy-6'-methoxy- 
chalcone. 



Furthermore, chalcone and chlorobenzene 
AlCl^ to give products as indicated^^ '> 


carbon at offl* When the reaction 
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prolonged, then the replacement of the phenyl group "by chlorophenyl 
residue takes place at the -carbon atom, leading to the 
formation of II . 

25 

With Nitrosoyl Chloride ^ s 

At room temperature chalcone adds to a molecule of nitrosoyl 
chloride and a good yield of the adduct is obtained. 

With Sodium Amide^^ s 

2' ,4,4' -Trimethoxychalcone on treatment with sodium amide in 
refluxing toluene undergoes molecular cleavage to yield 1-amido- i 
2(p-m6thoxyphenyl) ethylene and 1 ,5-*dimethoxybenzene , 

With Mercury Salts s 

25 

Mercury chloride and mercury bromide are reported to yield 
addition products with chalcone. < -Mercuration occurs^^ when 
chalcone is reacted with mercuric acetate in presence of t-butyl 
hydroperoxide and perchloric acid. 

m = CHCO0 merfiuratipn 3 ^t^ CH(HgOAc) Co $^5 

77i 

A parallel pattern of behaviour is exhibited by chalcone in 

» 

methoxymercuration reaction. The kinetics of methoxymer curat ion 

' 27 ' 

of substituted chalc ones has been studied, ' The following, 
mechanism has been postulated^*^ for the above-mentioned reactions 





With Iron Ca3:»bQn7 l 


The preparation of 
complexes of ferrocene i 
The introduction of the 
interfere with the 
analogue of chalcone. 

Iron carbonyl, P62(C0)g reacts 
complex. The iron-carbonyl chalcone 
triphenyO^hosphine^^ in accordance w 


iron caroonyl (tri- and tetra-) 
^logues of chalcone has been described 
iron carbonyl moiety is reported to 
conjugation in the molecule of ferrocene 


j^COCH=C 
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50 

With Tritium"^ ; 

Hydrogenation of 2'-D-glucosyl-4,4’ ,6'-trihydroxychalcon6 
with tritium yields (III) 


the dihydro-compound (III) is 
reported^^ to be of the order of 60^5 at the o<(. -carbon atom (with 
respect to the carbonyl group) and 15-20^5 at the ^ -carbon atom 
respectively. 

51 

With Heavy Water ; 

The -hydrogen of chalcone does not exchange for deterim 
when it is heated with heavy water-dioxan in the presence of a 
basic catalyst. 

With Deuterioethanol ; 

52 

Chalcone is reported to undergo base catalysed deuteration 
with deuterioethanol , to yield thec<^ -deuteriolietone (42^). 

With Benzene and Nltroparaf f ins s 

/ 55 

oC -substituted chalcone derivatives are reported to undergo 

addition reaction with benzene in the presence of palladium (II) 




acetate 
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38 39 

Chalcon.es react with nitroparaffins , ’ e.g., nitro-,^^ 

methane 1-(and -2) nitropropanes^^ and gem -dinitroallcane s , 

to give Michael type addition compounds, generally in excell'^nt 

yields.^® This reaction has been accomplished under the influence 

of basic catalysts, namely alcoholic ammonia, calcium hydride'^ 

40 

in methanol or pyridine. 

56 

The primary addition product of chalcone and nitromethane, 
for example, is 4“nitro~1 ,3-diphenylbutan“1-on6 (IV), further 
reaction yielding the bis adduct (V) 

PhCH - CHoCOPh Ph - CH - CH^COPh 

1 2 j 2 

CHg - NO 2 CHNOg 

Ph - CH - CHgCOPh 
(IV) (V) 

With Piazomethane s 

Chalcone reacts additively with diazomethane to yield two 

isomeric pyrazolines which upon heating pass into cyclopropane 

42 43 

derivative. Homologation of chalcone, however, occurs, 

without significant pyrazoline formation, if the reaction with 

diazomethane is performed in the presence of fluoroboric acid . 

With 1 .1 -Diethylaminoprop-’l -yne t 

Chalcone is reported^^ to react with 1 ,1-diethylaminoprop- 
l-yne to yield a pyran derivative (VI) which on hydrolysis gives 

, , I " , 

the lactone (VII) and keto acid (YIII). 
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(a) Ohaloones react with nitroethyl- and nitro-isopropyl 
alcohols in liquid ^ammonia , according to thefecheme'’'^ j 

srOgCHgOHgOH 

/ ^aOCHgfOHCNOg) CHjOH] CH!? 

c^-cocH = 0110 -/ 

\MeCH(0H)CH2N0p f 

^ Cf-COCH2-CH-[M6CH(OH)GMO^ 

(23%) 

Cb) The selective hydrogenation of chalcone has been 
achieved^ hy using ethylene glycol in the presence of a catalyst. 
HuClj .P 0 J . The yield of e( -saturated ketones^® thus range 
between 77 to 99/.. As an extension of this reaction, chalcone has 
baen used as a solvent-hydrogen acceptor^ in the presence of 

EuClg-PCf, for effecting dehydrogenation of << -ethylenio alcohols 

and glycols . 


I' 
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With 


Excellent yields of keto sulphides (IX) are reported^ to be 


obtained when substituted chalcone and the hydrochlorides of 2~ 


diethylaiiidnoethyl and 3~diethylaminopropyl mercaptaxis are allowed 
to re 


m 


R 




CH — CH2CO 

\ / } 

, ' . SR" 



R* 



. ,nx) Et2 NCH2CH2-; 

f ’" . ^ • Et2NCH7CH7CH7 


Pentanethiol, benzene thiol and toluene thiol likewise react 



with ferrocene analogue of chalcone to give their corresponding 
adducts, 

61 

2-Aminoethanethiol, however, reacts with chalcone to yield 
either a mono-adduct ((X) and (XI)) or the bis compoimd (vide 
infra) depending upon the molar proportion of the reactants used? 

0 CO OHg CH 0 S (CH2)2 (X:) 

0 CO CHg CH 0 NH (CHg)2 SH (XI) 

0 CO CH2jj0 S (CH2)2 M CH0 CH 2 GO 0 


With Selenols s 

Arylselenola add readily to chalcone in ethanol, in the 
absence of a catalyst. The yield of the product, viz., ketosele 
nides"^ vary from 44 to 80/^. 
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With 3t5-j)imethox.Yph6nol 




Substituted chalcone is reported^^ to undergo ^ -coupling 
with 5,5-<3imethoxyphenol, in the presence of alkaline hydrogen 
peroxide, to yield the two structural isomers of 3»5--diaryl-2- 
hydroxypropiophenone ; 





^ -lactones^^ are obtained from chalcones by their interaction 
with diphenylketene quinoline, followed by an oxidative step, The 
preparation of (X -diphenyl-^ -methoxyphenyl-y-benzoyl butyric 
lactone (XII) is illustrated^^ s 
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C5H4CH = CHC0 <f> 


02 C=C 0 .C 9 H 7 N 



^ . MeO-H/CA 

MzO- CgH4CH = CH C0 = C02 - ^ ^ ® 


0 

' : — — { X II ) 

Ohaloone is reported to react with one equivalent of ket«x ' 

acetal to yield 1 . 1-<Jlethyl-2-benzoyl-3-phenylcyclo-tatane (XIII) 
which hydrolysed to 3-/ -phenyl-T-beneoyl butyric acid 

/ V - ■ - ' '4 - 


(XIV). 


0 

II 

— ~c~ 0 

-"-OEt 
OE t 


0~c:h-ch2”-c-~0 

GH 2 COOH 



The Michael tj^e reaction of chalcone with o 



ketene furnishes the 


corresponding ^ “-keto esters^*^ 
The following is an illustrative examule : 


C(OMe)— oSi Me 




pipjili 






(c\r\oi \ 


171 




With Benzoyl Chloride 2 

SR rs 

P 3 n:'yiium salts''^ are formed when p -methyl chalcones, in 
acetic acid, are reacted with henzoyl chloride in the presence of 

CO 

a lewis acid. One of the possible mechanisms suggested"^ for the 



In the presence of sodium ethoxide, chalcone is reported to 
condense with benzyl-p-tolyl sulphone to yield a product^^ (XV, 
/\/l5^) which exists in two isomeric forms s 


♦ 


(i(-CIH-OH,-CO0 

„ I ® 

0-GH-«[SO2CgH4C| -p 


CX7) 
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With Sulfenyl Compounds s 

Chalcones react with phenyl sulfenyl chloride^^ in acetic 
acid ffiodium to furnish an adduct (X7I) or thioaurones (XVII ) 




R-.Mc.Cl wvn) 

R = g-OH;g--Cl; g-McO; 
P~Mc 2 N and p-“NH2S02 





C i 

1-(Phenylsulfinyl)-2, 4-diphenyl -3-'buten-2-ox is preparable 
Toy the interaction of chalcone with 0S(O)CH^ in the presence of 
sodium amide in liquid ammonia. 


With Dimethyl Sulphonim and Sulphoxonium Methylides s 

62 

Dimethyl sulphonium methylide is reported to react with 
chalcone to yield the corresponding oxirane by the selective 
addition of methylene to carbonyl group? 


on the other hand , trans chalcone reacts with dimethyl sulphoxium 

methylide (DilSOM) leading to the formation of trans 1 -phenyl *-2- 

62 

benzoylcyclopropane . 2-M0thoxychalcon6 , on prolonged treatment 
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with IMSOM, however, yields (X7III) which cyclises to pyran 
derivative^'^ (ZIX) in the presence of acid. Thus? 


i 


9 S-C 0 CH=CHC 6 H 40 Me -2 


DMSOM 


CO-CH— CH-CfiH/OMe- 
\ / ® ^ 
-CHz 


DMSOM 




HOCH 

2 


0— C CH CH 

/ \ \ / 

0 — CH2 CH2 


CgH^OMe-Z 


CHCH2CH(0H )C6H40Me-2 


H2O 


H2O 


0^C6H40M(2-2 


(XVIII) 


(XIX) 


V'4 '^2 V‘4-' 


:0=CH-0gH^-S02-OgH^ ♦ 0jPO 
(R^ = 0; Eg = S-tyryl) 


With Eitron-e g 

C, E-Diphenylnitrone and W-methyl-C-phenylnitrone are 
reported” to undergo 1 ,3-dipolar cyclo-addition with£- 
suhstituted chalcone, to yield the corresponding ispxazolidine 


ring system. 


With Nitrogen Heterocycles ; 


Chalcones have been reacted with several nitrogen heterocycles, 

for example, piperidine morpholine N-bromo-morpholine 
69 70 71 72 

piperizine , indoles ’ and azoles to yield the corresponding 



psn^idyl or morpholinyl residue). The addition compounds are 
unstable and break up into its constituents in bot iiiater. 


A Michael adduct is formed by the interaction of chsilcone 

with 3 ,5“dim6thyl-4“nitroisoxazole . The adduct on reductive 

73 

cyclisation is reported to yield the corresponding azepine 
derivative. 

With Hydrazoic Acid ; 

The Schmidt reaction on highly hindered cis-chalcone is 
reported'^^’*^^ to yield quinoline derivatives. 
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The kinetics 


(XX) A = B = 9S ; 

(XXI) A = B = Br 

of this reaction has been studie(3. 


76,77 


The reaction of hydrazoic acid with 2 ' -hydroxychalcone has 

0 78 

been carried out. The following heterocyclic compounds (XXII- 



ICVI) have been isolated 


iliii 




' I . ' - ' ^ 

' * *'•'* I" ‘ ' 


(XXVI) 
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With Hydroxylamine ; 

Chalcone and substituted chalcones react with hydroxylamine 

hydrochloride to form the corresponding unsaturated ketoximes, 

79 80 90-95 

The ketoximes are reported ’ ’ to undergo a variety of 

reactions, viz,, cyclisations, catalytic hydrogenation, Beckmann 
rearrangement etc . 

7Q ftO 

3,5“Diphenylisoxazoline is formed' ’ when chalcone is 
allowed to react with hydroxylamine in an alkaline medium. It is 

Qi 

believed that chalcone syn -oxime is formed in the reaction, which 

undergoes cyclisation to the corresponding isoxazoline derivative, 

Chalcones carrying substituents in the 4 - and 4 * -positions react, 

under acid conditions, with hydroxylamine hydrochloride to yield 

isoxazolines and chalcone syn -oximes . On the other hand isoxazo- 

lines along with other products are formed under alkaline 

conditions Isoxazolines (XXVII) derived from naphthalene 

analogues of chalcone have been secured by their reaction, at a 

higher temperature, with hydroxylamine in presence of pyridine. 

In some cases the formation of isoxazole®^*®®*®^ and 

dihydroisoxazole ' have been reported. The mechanism of 

88 

isoxazole formation is reported to take place by 1,2-addition. 
With Hydrazine ; 

94 95 

Hydrazones or pyrazolines are formed by the reaction of 
chalcone with hydrazine. 4,5-hydro-1H-pyrazol6s®'^ are, however, 
produced from 2-hydroxyohalcon6s in the above reaction. 
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(XXIX) 

CH^eOOH 

%J 

reflux 


A.CH3COOH 


(XXVIlIb) 


R = S-NO^.A’-Acetoxy; R 


With Phenylhydrazine ; 

(XX Villa.) 

Chalcone react with phenylhydrazine®^ 


xn 


16,98 


acetic acid mediuiE to yield the corresponding phenylhydrazone: 
(5Qaz). The phenylhydrazones can be transformed into 1,5,5- 
triphenylpyrazolines (XXX) by reflixsing these with acetic acid. 
Some chalcone phenylhydrazones (XX7III b) are labile and are 
readily converted to pyrazolines even at room temperatiore . If 
a mixture of chalcone and phenylhydrazine are reacted at higher 
temperature, the intermediate hydrazone undergoes cyclisation to 
..i^he corresponding pyrazoline,®® 

^ 0NHNH2 


G 


(XXVIIIa) 


(XXX) 
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VJith 2 ,4-Din.itrophen.ylhydrazine^'^’^^~'*^^ (BNPH) ; 


The chief advantage of DNPH over phenylhydrazine as a reagent 

for characterization of chalcones is the ease of separation of the 

crystalline hydrazones with characteristic sharp melting points . 

The preparation of some substituted chalcone 2 ,4-dinitroph6nyl 

QQ-TOI 

hydrazones are reported in the literature. 

The reactivity of carbonyl group is chalcones, in respect of 

their formation of 2,4-'3initrophenylhydrazones has been 
102 103 

examined. ’ The close proxiiriity of the hydroxyl group 
hinders the reactivity of the carbonyl group on account of 
chelate formation. Substituents located in the para position with 
respect to the carbonyl function alter, depending upon their 
inductive effects, ’ the rate of 2 ,4-dinitrophenylhydrazon6 
formation. 


With Hydrazine Derivatives s 

t 

Several other hydrazine derivatives,^ viz., |^-menthy- 
drazide**^"^? 3,5“dinitro~4-tolyl hydrazine phenyl sulphonyl- 
hydrazide^^^ and tosylhydrazine^ have been used for the charac- 
terization of chalcones. One of these derivatives, viz., 
tosylhydrazone, has an important synlhetic application and is used 
as a starting material for the preparation of substituted 
cyclopropenes . ^ 
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V/ith Disubstituted Phosphine Oxide s 

Addition across the olefinic linkage occurs when chalcone is 
reacted with di substituted phosphine oxide, under basic 
conditions , thus s 

(0CH2)2?(O)H + 0CH = GHCO0 EtOH-EtONa ^ 

(0CH2)2P(O)-CH-CH2-CO0 


0 


(92^1) 


VJith N-bromosuccinimide^^^ (IBS') ; 

~phenylchalcone on treatment with N-bromosuccinimide , gives 
the -bromo derivative (XXXI). The reaction involves a radical 
mechanism and is initiated by a trace of Br 2 formed by the 
decomposition of N-bromosuccinimide. 


02 C-CH 


0 

II 

C- 


- ^ 'i" 




0 ♦ Br2 


0 2 C= 


Br 0 
I II 

*j* 

(XXXI) 


0 + HBr 


HBr 


' 0 
I! 

CH2-C 


\ 


CH 


2 


■C 

II 

n 




‘N — Br 


CHo- 

I 

CH2' 


0 

11 

Cx 

NH ^ 

11 

n 
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110 

Bromoacetoxylation. of several chalcones are reported and 
is cai«W|i, out by the reaction of chalcone with NBS in acetic acid. 


I: 




0 CH = CHCO 0 


NBS -*• CH 3 COOH 


il\i 0CH (OCOCH 3 ) CHBrCO 0 


SI 




(OCOCH 3 ) 

Apparently oC"hronio-^ -acetoxy-, and ^ -bromiO-^^yacetoXy iaf»3||||s 
are produced in the reaction, the relative proportion of which 
varies from chalcone to chalcone. 


1 1 1 

With Bromine Azide s 

Bromine azide adds very slowly to chalcone in methylene 
chloride-nitromethane , in the following ways 

BrN, 

0CH=CHCX)gf 2—0 0CH(N^)-CHBr-CO0 

The reaction can, however, be made to go at a reasonable rate by 
incorporating an acid catalyst. 

Pyrolysis s 

Pjn^o lysis of chalcone at about 700° in the presence of 

112 

aluminium bronze powder, is reported to yield stilbene and 
1 , 4 - (m-biphenylyl ) -benzene , 
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Autocondensation : 




113 

Chalcones are reported to undergo autocondensation in the 
presence of ethyl formate-perchloric acid to yield 2,4,6-triaryl 
pyrylium salt in a poor yield (l8-48?o). 




0 

II 

R Q . 




CH 


;h-r 


HCl04“-HC00Et 


R = R'= Phenyl 

= 3,4 — (MGO)2CgH3i 

= 3,4-(CH202)CeH3 


R 


Gopolymerization of Chal cone /Chalcones Analogues 



R' 




■O'^R 

© 





With Styrene i 

Substituted chalcone and styrene form a copolymer 

1 1 

(85^^ conversion involving the use of a free radical initiator. 
The product is described as hard, clear solid polymer, with a 
heat distortion point of 97* (cf, polystyrene, 78'). A resinous 
solid, however, is obtained by the ionic interpolymerization of 
chalcone and styrene with boron trifjluoride (at -80*) in 


methylene chloride 
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With Butadiene ; 

*] 1 s 

1 ,3-B'utadien6 ^ monomer copolymerizes readily with ^ - 

unsaturated carhonyl compounds in presence of henzoyl peroxide. 

115 

The carbonyl compounds studied include, chalcone, 2~chloro- 
lift lift 

chalcone, furfural-acetophenone, furfural-^-chloroaceto- 

118 1 1 Q 

phenone and some pyridine analogues ^ of chalcone, viz., 

2-(3- and 4“) pyridal acetophenones, 2-p3rridal-4-chloroacetophenone 

and 2-pyridal-2 '-acetyl-acetophenone . It may, however, be noted 

1 1 Q 

that 2-pyridal-4' -amino acetophenone fails to form a copolymer 
with 1 ,3“I)utadiene. 

1 20 

With Acrylonitrile and Isoprene ; 

Copolymers derived from acrylonitrile (and isoprene) and 

1 20 

pyridine analogues of chalcones are described in literature, 

1 21 

Synthesis of m-polyphenyls i 

Chalcone seirves as a starting material for the synthesis of 

1 21 

m-polyphenyl system. The following sequence of reaction steps 
are necessary in bringing about the required transformation, 
taking the synthesis of m-terphenyl as an illustrative examples 
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1 22 

Synthesis of 1 ,3-Diphenylglyc6rol s 

Starting with chalcone and taking it through a series of 

chemical transfoMaations, the two isomers, viz,, erythro - erythro 

1 22 

and erythro-threo , of 1 ,3-diphenylglycerol have been isolated 
and identified. 


Synthesis of Aryl Benzyl Ethanolamines 


,123 


The title compounds have been obtained by the following 
series of reactions. Thus, 


5fCOCH=CH0 .» ^COCH^CHg^ 


HCl, MeONO 


^ 0oooE(m} ^ 


0CH(OH)(NH2.HC1)CH20 2 ► 0GH(OH)ffil2CH20 
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Photochemistry of Chalcones % 

T 

Photoisomerization of trans -chalcone , trans -2-hydroxy- 
chalcone^ and other substituted chalcones and heterocyclic 

t' 

5 

analogues of chalcones into their corresponding cis -isomers 
has been described in the literature, Cis-2-methoxychaloone 
is convertible to ci3 -2-hydroxychalcone (photochemical demethyl- 
at ion) by prolonged irradiation to sunlight. Some chalcones, 
on the other hand, have a great tendency to undergo resini- 
fication,^ when irradiated either in the solid state or 
solution, viz., 4 ,4 ' -dimethyl (and 4, 4 ’-dimethoxy) chalcones . 

The solid state photochemistry of some 2'-nitroehaloones has 
been studied . Various parameters seem to govern the specific 
pathway followed by the photochemical reaction, viz. , molecular 
conformation and its retention and the molecular packings. 
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Photochemical Dimerizations 


Photochemical dimerization is reported to occur in the 

6 8 

case of several chalcones, viz., chalcone, ’ 4* -methyl- 

chalcone, , 4-methpxychalcone and thiophene analogue of 
chalcone, Mmerizat ion, however, does not take place with 
chalcone, or 4-methoxychalcone , if these are irradiated in 
•presence of uranyl chloride. Cyclohutane type of structure^ 
(vide infra) has been assigned to chalcone dimers. These 


results have been arrived at on the basis of data obtained 

10 


by 



physi 


and chemical methods 


Photo induced dimerization of 4-methoxychalcone is 


13 


to take place with the aid of 4 , 1 O-dihydroanthracene . Two 

1 3 

tjnpes of dimerides , viz., head-tail and head-head orienta- 


tions are produced, when the photo -reaction is carried out in 

ethanol and acetonitrile respectively. Chalcone dimers, of 

the following structure have been obtained^ in high yield 

by the photolysis of a solution of chalcone under appropriate 
15 

conditions s 
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X-CgH4-CH2-CH-C0-g 
X-CgH4-CH2-CH-C0-Gf 

(X = H| 4-OMe or 4-Cl). 

Photolysis of 2-hydroxychalcon6 , in ethanol, is reported 
to yield 2-ethoxy-flav-3-one (96^) and a very small amount (IJa) 
lavone, according to the reactions 


16 




1 7 

ihle light has been reported in the case of 2*-hydroxy- 
4* ,6' ,5 54-tetramethoxychal.con6 leading to the formation of 
5 ,7,3 ’ ,4' -tetramethoxyflavanonol. The 3-hydroxylio function in 
the flavanonol is assumed to arise from the hydroxylio radical 
generated hy the photolysis of aqueous-methanol, used as the 
solvent , 


Photochemistr y of Ghalcone Serivativefl 
Plavanone t 
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f 



epoxide and i yans 2-methoxychalcone epoxide on irradiation yield 
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dibenzoylniethanes 5 tran.s-cis isomerization and fragmentation 

21 

via acyl carbene intermediates. Evidence has been put forward 

epoxides 

about the intermediacy of dioxoles when substituted chalcone/ 
are photolysed. The dioxoles are produced by the cleavage of 
the oxirane bond, leading to the formation of carbonyl 

ylides, which subsequently rearrange to dioxoles. 

Chalcone Semicarbazones t 

pp 

Some of the chalcone semicarbazones are reported to 
exhibit noticeable photochemical isomerism. Examples are s 
p-methyl chalcone and £-methoxy-p’ -methylchalcone 
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Polarographic Reduction of Chalcone ; 

Chalcone undergoes reduction on a dropping mercury 

electrode yielding a variety of products depending upon the 

conditions of the experiment . The present picture about the 

mechanism involved in the formation of these products from 

chalcone, for example, has emerged as a result of the work of 

1—1 A 1 7—1 Q 

several investigations and is summarized below s 



:h = ch 
( 1 ) 


c- 

11 

0 


0 



0' 


CH = CH 

(U) 


c- 

1 

OH 


0 


201 


0-~-CH2 


2(2 2H 



0 



0 


1 

CH-CH 


c— 

I 

OH 




( 111 ) 

1 Dimerization 


I 


0 

11 

-c- 


5i-CH2-CH2-CH <t> 

(V) 0*^ 



yi— CH— CH2'"0 — 0 
yS-CH-CH2-CH-?i 

(VI) 


li 

0 





8 


to yielta a saturated ketone (17). 


electrode reduc 
In the neutral or alkaline 


media, however, the reduction proceeds past the saturated ketone 

Q 

stage to yield the corresponding alcohol (7), In the above 
•X reaction (I-I7) the reduction of the ethylenic bond is a 
secondary process connected with a rearrangement of the free 
radical formed after the addition of one electron and one 
proton to the carbonyl group (II-III). The formation of other 
products has been interpreted to arise either by dimerisation” 
(71) or disproportionation of the radicals generated in the 
process. 

Polarogcraphio Reduction of Chalcone in IMF ; 

q 

Polarographic reduction of chalcone has been reported 
in anhydrous dimethylformamide, in the presence and absence of 
carbon dioxide . In the former case two acids, viz, , -phenyl- 
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^ -benzoyl propionic acid (XII) and (XIV) are formed. The 
melanism of formation of (XII) can be rationalized^ as fo 

0 -r-CH=CHCO0 + e ► 0(:H — CH = C--0 

(VII) 0® 


(ZS-CH — CH — CO f 
e 

(VIII) 


0-CH-CH-CO oS 
6 I e 
COO® 


C02 


CO2 


izi-CH-CH — CO 


COO 


(IX) 


COO 


(f: — CH-CH— CO jzi 

COO® 

(XI) 


jz!— CH— CH 2 — CO <j> 


COOH 


(XII) 


■ ■■ 

.-4 


double bond of another chalcone molecule and then be reduced 
■lurther to yield finally the dimeric monocarboxylic acid (XVI) 







Ih 

HiHi 


CH=CHCO0 


COO 


0-CH-CH-CO (f> 
CH — COjzi 

(XIII) 


coo” 

I 

•CH. .0 


(XV) CO0 


L /'-V 

r v- 1 I 'v-w yy ■ ^ — uH — CH'^ ^ 

^ (XV) CO 0 

COOH 

0-^ Lco0 

_ __ (XVI) 

-mri-rre ausBncB m--T!arrnau uxuaxu u, ouu uzicixu - OUB ui - anion 

furnishes the polymer® (WII). ihe polymer must have heen produoe 
y ^series ^ hichael type addition of the dianion intermediate 

0 ■ ' 'v,. 




204 


''miM 


The formation, of the unsaturated trimer, (XVIII)^ in the 
polarographic reduction of chalcone (in the absence of carbon 
dioxide) has been assumed^ to involve the following intermediates; 

0 ® 

1 

CH — CH= C-0 

1 

•CH — CH -*CO-0 

0 ® 

I 

(Zi-CH- CH = c-a> 

I 

CH— CO-ai 

1 

0-CH— CH — CO-JZi 


0 


* ?SCH = CH — CO jz! 


Disproportionates 


izi-CHCH2C0-sz( 


^-CH— CHCO-jz!- 


{!S-HC=C-C0-j2f 

(XVIII) 


CH — CH 2 CO — 0 ■ 
0-CH-CH-CO-0 
(p — CH — CH — CO— ^ 

(Not isolated ) 

The ease of polajograp irio ii,uuLu..mj. j.u eut i uuuia wpjw^ 


nature of substituents ^ Thus ohaloones oonainlng a hydroxyl''' 

4- *1 S 

or methoxy ’ function (in conjugation with the carbonyl groups ) 
are less prone to reduction as compared to chalcone bearing an 
acetoxy function. This effect is less pronounced in acid medium 
than in neutral medium. 
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Polaxo graphic Reduction of Chalcone Analogues ; 

7 20 

The -polarographic reduction of ferrocenyl ’ and hetero- 
cyclic analogues of chalcone (viz., pyrrolyl, furanyl, thienyl 
and pyridyl) are reported in the literature. The polarographic 
reduction of furan chalcone is reported to take place via radical 
anion format ion. The behaviour of pyridyl^”* analogues of 

chalcone in respect of polarographic reduction is similar to that 

25 26 

of chalcone . In alkaline medium other reactions manifest 

themselves, viz., the hydration of the double bond, follo^^^ed by 

cyclization to chromanones (ppjo^ 12.5), which are in turn 

polarographically reduced further. 

The polarographic reduction behaviour of chalcone has been 
27 

studied and compared with its acetylenic analogue, viz., 1,3- 
diphenyl-1 -propyn-3-one . 

Polarographic Analysis of 2’ -hydroxychalcone-flavanone Mixture ; 

In weakly acidic or neutral medium chalcone shows two 

3 

polarographic reduction potentials, while flavanone has only one. 
Based on this property it is possible to determine 2*-hydroxy- 
chalcone in the presence of its isomer, flavanone. Polarographic 
method could also be used to monitor the rate of formation of 

■5 

chalcone from its components, 

Polarographic Conversion of 2 '-hydroxyohalcone to Ohromanone s 
A polarographic study of the transformation of orth 0 - 

pQ pQ 

hydroxychalcone to chromanones has been reported, * ^ The 
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29 

percentage of hydroxyc hale one at equilibrium is independent of 
pH (range 5-9), however, with pH greater than 9, the equilibrium 
is displaced in favour of chalcone, attended with immediate 
decomposition, 

Polarographio Conversion of Chalcone to Chalcone Hydrazone s 

A polarographio study has been reported in respect of the 

30 

reaction of chalcone with phenylhydrazine . Conclusion has been 
31 

drawn that the first step^ is the reaction on mercury cathode of 
the carbonyl group of the chalcone. 

Polarographio Behaviour of Pyridine Analogue of Chalcone Oxime ; 

32 

The pyridyl analogue of chalcone oxime, R^C(N0H)-CH= 
CH-R 2 (R-j = R 2 = 3-pyi'idyl) is reported to undergo protonation 
and polarogrg^ hie reduction at the oximo group, and then at the 
olefinic linkage . 
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Viscosity ; 

The specific viscosity of chalcone in benzene and carbon 

I 

tetrachloride is reported to be higher compared to dihydro- 
chalcone. At higher temperature (Ga. 60*) the decrease in 
specific viscosity is slightly less in benzene than in carbon 
tetrachloride. 
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Rate of Crystallization s 

The rate of crystallization has heen taken as a criterion 

2 

of purity of chalcone. The maximum rate of crystallization 

2 

(m.r.c.), expressed as mm/minute has been reported for the 
following chalconess 


Compound 

M.P. (‘O 


(temp. ) 

Chalcone 

54.7 

5.21 

(30*) 

p' -Ethylchalcone 

61 .0 

1 .15 

(25*) 

p’ -Propylchalcone 

45.7 

3.62 

(25 ') 


Adsorption Characteristics s 

Chalcone undergo polarization and color change when these 

are adsorbed on surface active materials, like silica gel, acid 

washed alumina and Brockmann’s alumina. These color changes 

along with the ease of their elution (by methanol) from these 
2 3 

adsorbents are described in the literature. 

A study in respect of distribution of para N ,N-dimethyl- 
chalcone (BMC) in artificial lipid membrane has been reported.^ 

BMC molecules have been f ound^ to concentrate in the polar 
regions — near the surface of the lipid membrane. ' 

Quenching of Fluorescence s . 

Hesperatin chalcone, in contrast to heaperidin or eriodictin, 
is able to quench the fluorescence of chrysene solution (in 
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5 

acetone) and this has been attributed to its ability to form a 
non-f lucres cent complex. 


Eutectic and Molecular Compound Formation ; 

6 

Chalcone forms an eutectic with picric acid and with 

7 

trichloroacetic acid. A detailed study is reported in respect 
of eutectic composition of the ternary system, viz., chalcone- 

I 

,^-naphthol picric acid (cf. Table 1). 



Temp. °C 

Chalcone 

^ -naphthol 

Picric acid 

70 

51.5 

43.0 

5.5 

84 

58.5 

16.0 

25.5 

103 

7.5 

7.5 

8.5 


The molecular compounds formed between chalcone (and 3,4- 
methylenedioxychalcone ) and isomeric nitrophenols (and _o-nitroto- 

O Q 

luene) have been studied. 


Molecular Refraction s 

Refract ometric studies of chalcone s and some of its 

10 11 

derivatives are reported ’ in the literature. 
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Polymorphism s 

The phenomenon of polymorphism is well known in the case 
of chalcones. The work reported on the subject is summarized in 
Table 2. 


Table 2 

Polymorphic Forms of Chalcones 


Compound Melting point Remarks Ref. 

(°C) of poly- 
morphic forms 


Ch ale one* 


m-Methyl- 

chalcone 


m' -Methyl- 
ch ale one 


59,57549,48, Several polymorphic forms 12,13,15, 
30, — are known. No difference is 16,22., 

observed in the infrared 
spectrum of the polymorphs , 
recorded in the range 
2222-1220 cm"’’ . The dipole 
moment data (calcd.) for 
some polymorphic forms 
are given 


68 , 67 ,66 ,53 


14 


61,51 


14 


jo-Methyl- 

chalcone 

99,96.5,90 

Exists in three polymorphic 
forms 

24,27 

2 ' -Methyl- 
ch ale one 

74.5.56.5, 

55.5.54.5, 

• 45.5,48 and 

44.5 


26 

_p-Nltro- 

ohalcone 

126,123 


14 

m-Nitro- 

chalcone 

146,145,120 


14 
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m' -Nitro- 
c hale one 

151 ,110 


14 

-Bromo- 
ch ale one 

— 

Exhibits polymorphism 

12 

-Hydroxy- 
' chalcone 

81,78,73 

Exhibits polymorphism 

12,28 

p -Methoxy- 
chalcone 

81 ,78,65 

X-ray powder diffraction, 
uv and IR spectral data 
have been recorded 

12,17,18 

y^-Ethoxy- 
■^c hale one 

81 ,78,75,63, 
43 

Polymorphism is due to the 
existence of rotational 
is omers 

21,25,28 

Q -Propoxy- 
/ chalcone 

75 ,.63,59 

X-ray powder diffraction 
and W studies have been 
carried out 

21 

-Methoxy- 
' p-nitro- 
chalcone 

97 -,90, 78-81 , 
66-9,55-8 

Polymorphism attributed to 
rotational isomers u.v. 
data is reported 

20 

.3 -Methoxy-^' 

> -nitro- 
ch ale one 

1/21 ,107,104 

Polymorphic forms (107,104’) 
possess identical x-ray 
powder diffraction, while 
the polymorph, m.p. 121* 
has a different pattern. 
Results confirmed by u.v. 
and IR data 

19 

M -Methoxy- 
' p' -methoxy- 
jo-nitro- 
chalcone 

132,87,80 


22 

-Purfuryl 
acetophenoi .le 

60,56 


15 


indica-f ^es that polymorphism has heen ohsezved, h\it the melting 
’point of the polymorphs are not available , 

* It ifi , reported^^ to be in a mesophase near its melting point, 
it i iiibits a rapid increase in transmission of the infrared 
radif ition at this stage of phase change. 


216 


Basici-ty g 

The hasicity of chalcone has been determined in sulpholane 
and water. The pK^ value, -5.55 is reported for chalcone in 

a, 

sulpholane solvent, compared to -5.73 in water. 

29 

The basicity of chalcone in acetic acid is reported to be 
higher than in aqueous solution. The electron donating substi- 
tuents, viz,, hydroxy, methoxy, methyl, increase the basicity, 

29 

whereas the para substituted halogens decrease it. 

The basicity of trans chalcone in concentrated sulphuric 
30 

acid has been shown to be more than its corresponding cis 
isomer. 

"TO 

Protolytic equilibrium in respect of substituted chalcones * 

33 

and thiophene analogues have been studied in acetic acid- 

sulphuric acid system. The comparison of relative basicities of 

these chalcones have been made.^^*^^ Correlation has been found 

31 

between the protonation data and the ^^--constants . 

Substitution of the phenyl ring of chalcone by either 
34 35—37 

furan or thiophene moiety increase the basicity. The 

34 37 

effect is reported'^^’'^ ' to be pronounced when the heterocyclic 

\ 

moiety is located further away from the carbonyl group. 

Comparative studies in respect of basicities of heterocyclic 
chalcone analogues have been publish ed.^®~^^ 

Hydrogen Bonding s 

The energy of hydrogen bonding involved in phenol and 
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41 

various chalcones, in carbon tetrachloride has been determined. 

The thermodynamic data for the (1:1) association of the above 

42 

system has been reported. The association constants have been 
shown^ to be a sensitive measure of the proton-acceptor power 
of chalcones - th-an - the 3h i=&t-e-- e i f ' the-T .R-— - and N . l^fiTl -r -absorp - t i on 

Based on uv absorption data, the energy of the hydrogen 
bond formed between various substituted chalcones and trichloro- 
acetic acid has been found^"^*^^ to lie in the range 1 .79-2.40 
kcal/mole. Also, the A H values calculated from the equili- 
brium constants at various temperatures, have been shown to 
vary from 2-3 kcal/mole. 

The hydrogen bonding of 2,3 ,4,6-tetrachlorophenol with 

43 

various chalcones have been studied by infrared and U.M.R. 
spectroscopy. 

Electronic Effects s 

The influence of several functional groups on the activity 

47 

of methyl group in chalcone has been investigated. ' 

The quantum-chemical interpretation of reactivity of 

substituted chalcones (benzene and ferrocene type) has been 
48 

made. The effect of substituents on the TT’-electron structure 
and reactivity of mono substituted trans chalcones has been 
studied. 
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The influence of transmission of electronic effects in Z 

and B isomers of ~phenyl-4-substituted chalcones has been 

50 50 

investigated. Z and E isomers are reported to be insensitive 

to substituent effects. 

Halochromism % 

The phenomenon of halochromism is reported for substituted 
51 -56 

chalcones and their heterocyclic analogues containing either 

a furan'j’'^ thiophene selenophene^^ or quinoline^^ 
nucleus. These chalcones develop halochromic colors when wetted 
with concentrated sulphuric acid. The deepening in color may 
be rationalized in terms of the formation of carbonium ions in 
concentrated sulphuric acid. 

0 OH OH 

ii t 

CgH^-C-CH^GH-CgH^ < > CgHg-C-CH=CH-CgHg < > etc. 

56 

Methoxychalcones , for example, also exhibit halochromism with 

other mineral acids, viz., hydrochloric and phosphoric acids, 

56 

The color is reported to deepen with increase in the number of 
methoxy groups. 

The influence of various substituents on the halochromy of 
these compounds in concentrated sulphuric acid is described^ 
in the literature. In the case of quinoline analogue of chalcone, 
the halochromic color deepens when the heterocyclic residue is 
located closer to the carbonyl group. 
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CBKBTm - 11 

COMPLEXING ACTION OP CHALCONES AND THEIR DERIVATIVES 

Chalcones serve as starting materials for the preparation 
of ligands suitable for the quantitative precipitation of 
several metallic ions. This, therefore, forms the basis for 
their gravimetric estimation. The following two examples 
are illustrative s 

1 

2 ' -Hydroxy-4-methoxy-5 ' -methyl chalcone oxime has been 
employed for the gravimetric estimation of divalent ions of 
palladium, copper and nickel either separately or in combination. 

2,4,6-Triphenylpyrylium chloride,^ preparable from 
chalcone, has been used as a precipitant in the gravimetric 
estimation of gold and platinum. 

A method of separation of palladiim (II) from copper (II) 
involving the use of 2 ’ -hydroxy-5 '-niethylc hale one oxime (as 
complexing agent) has been developed. It is based on extrac- 
tion, with a suitable solvent, of the resulting organo-metallic 
complex, at a definite pH, The constituents thus separated 
have been determined spectrophotometrioally. 2 ' -Hydroxy-5 ' ** 

bromo-4“methoxy-5 * -methylchalcone oxime has been successfully 

6 

employed” in place of the aforesaid complexing agent . 

A spectrophotometric method of estimating beryllium, 
using 2 ' -hydroxychalcone has been described,- Hydroxychalcones 
have been exploited as specific precipitants, (in the 
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presence of EDTA) for berylliijm when present in comhination 

9 

v;ith alminium. Copper is reported to react with 2‘-hydroxy- 
chalcone to form a complex which has a 1 s2 stoichiometry. On 
the basis of this reaction, a conductometric method of esti- 

9 

mation of copper has been developed. Calcium has been 
10 

determined by complexometric titration by using chalcone- 
metanil as indicator. 

The 1 2 l complexes formed by the interaction of 2,2*- 

dihydroxychalcone (sodium salt) with the ions of copper (II), 

nickel (II) and tin (lY) have been studied. ” ^ The formation 

constants of several 1 si complexes, derived from the interaction 

of several metallic ions with 2’-hydroxychalcone and 

1 7 

2* ,4'-dihydroxychalcone , have been determined. 

The preparation of complexes derived from the reaction 
of 2*-hydroxychalcones with tri- and tetracarbonyl of iron, 
have been reported. 

There are several reports'* in the literature 
about the preparation, spectroscopic and conductometric studies 


of the inter molecular complexes formed between chaloones and 
the halides of the following elements. Ti,^^~^^ Pe,^^ 


la, Ce,^”* Pr,^^ Sm,^^ Eu,^^ 3^24,25 Si,^^ Ge,^^ 


and 


The complexes of chalcones with antimony pent aohloride 
have, however, been studied in detail. Thus, on the basis of 

conductometric measurements, the existence of the following 

. 27 

species have been proposed s 
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n SbClr- + Chalcone -- Chalcone (S'bCl|-)„ 

0 ^ on 

=- fchalcone (SIdCI, )^1 011’’ — ^ fchalcone (S'bGl,)^ 

L. 4 nj n -*-»c l 4 

+ n Cl"”^ 

\-7here n = 1 or 2. 

There are two factors of paramount importance in respect 

27 

of conductivity of the above complex, in benzene solution, 
viz,, temperature and the electron donating ability of the 
substituents in the chalcone component. 
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CHAPTER - 12 

COLOUR REACTIONS , LETSCTION AND ESTIMATION OP CHALCONES 

Colour Reactions 

With Sulphuric Acid-Nitric Acid 

Sulphuric Acid-Acetic Anhydride.. 

Sodium Borohydride-Hydrochloric Acid . 

VJilson. Boric Acid Test.. 

Antimony Pentachloride Test 

Detection and Estimation of Chalcone (s 

References 

Colour Reactions 

1 

V/ith Sulphuric Acid-Nitric Acid s 

When the intensely coloured solution of chalcone in 
concentrated sulphuric acid is treated with a little of concen- 
trated nitric acid, characteristic colour changes occur. This 
is typified hy the following examples? 

Chalcone ; Orange yellow 

4-Methoxychalcone s Orange red - — yellow 

Cinnamylideneacetophenone ; Cherry red — dark yellow. 

This change involve nitration of chalcone, rather than oxidation, 
and the resulting nitrochalcones exhibit weaker halochromy as 
compared to unsuhst it u ted chalcone,. 
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With Sulphuric Acld-Anfit,.-. 


e . haloohromlo e«eot3 produce. „ith concentrated 

aulphurxc add serve to characterise chalocnee. Carboniu. ions 
are beUeved to be icr.ed as Intermediates in this reaction A 
bathcohromie ahiit in the visible colour appears ii adtio 
anhydrrde xs incorporated with sulphuric acid. Thus, on treat- 

.en With a aoo. (W) mixture oi acetic anhydride-sulphuric 
Old, chalcones gave orange to purple colours^j 



:> '-Trihydroxychalcone 

3,4' -I5ihydrozy-4-methoxychalcone 
3,4,4' -T^ribenzyloxychalcone 
3 ,4 ,4 ' -Trimethoxychalcone 

The bathochromic shift aris: 
anhydride to the chalcones (in cc 
been rationalized^ in terms of si 
carbonium ion by acetylation with 
Illustrated (vide infra) vri+v, 
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With Sodium Borohydride and Hydrochloric Acid s 

Transient colours are developed when chaloones, after 

reduction with sodium horohydride, are treated with concentrated 

hydrochloric acid. This colour test can, therefore, he utilized 

for their identification. Table 1 lists the absorption maxima 

recorded after the chalcones were subjected to the aforesaid 
3 

test s 

Table 1 


Chalcone 

(nm) 
max ^ 

4 ' -Hydroxychalcone 

480-485 

4-Methoxycha3icone 

550 

4,4* -Dimethoxychalc one 

565 

2 * -Hydroxy-4 ,4 ’ ,6-trimethoxychalcone 

540 

2 * -Hydroxy-3 ,4,4’ ,6 * -tetramethoxychalcone 

560 

4-Dimethylamino chalcone 

495 

2 -Hydroxy-4 ,4-dime thyl^minochalcone 

550 


Wilson’s Boric Acid Test s 

The test consists in reacting chalcones with boric acid- 

citric acid mixture in acetone solution, when a coloration is 

developed. Partially methylated hesperetin chaloone is reported^ 

to give a positive test. The boric acid-citric acid test is 

5 

very specific for 5 -hydroxy and methoxychalcones. 
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6 

Antimony Pentaohloride Test ; 

Antimony pentachloride in carbon tetrachloride gives with 

various chalcones, intense red or violet precipitates, which are 

characteristically different from the precipitates from flavones, 

o 

flavanones and flav^-nols, which are yellow or orange, A positive 

C 

test is obtained with the chalcones listed in Table 2. 


Table 2 

Colours obtained with various chalcones in the SbCl^ test 

5 


Chalcone 

2-Hydr oxy-2-m6th oxychalcone 

2-Hydroxy-4 , S-dimethoxychalcone 

2-Hydroxy-4 ,4 ' -dimethoxychalcone 

2-Hydroxy-4 ' ,4 » 5-trimethoxychalcone 

2-Hydroxy-3 ,4,4’ -tr imethoxychalcone 

2-Hydr oxy-3 ,4 ,5 -tr imethoxychalcone 

2-Hydr oxy-4 ,5 -dimethoxy-3 ’ ,4 ’ -methylenedioxychaloone 

2 -Hydroxy-3 ,4,4' ,6-tetramethoxychalcone 

2-Hydr oxy-3 ,3 ' ,4,4' ,5-pentamethoxychalcone 

2-Hydr oxy-3 ,4 ,4 ’ ,5-tetramethoxychalc one 

2,2' -Dihydroxy-3 ' ,4 ' , 5 ,6 ,6 ' -pentamethoxychalcone 

3 ,6-Dihydroxy-2 ,4 ,4' -trimethoxychalcone 

4-Methoxychalcone 

3’ ,4 ’-Dimethoxychalcone 


Colour 
Blood red 
Red 
Red 

Blood red 

Red 

Red 

Cherry red 
Red 

Cherry red 
Brick red 
Violet red 
Violet red 
Red 

Cherry red 
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Table 2 (continued) 

5' ,4'-Methylenedioxychalcone Violet red 

2 ’ ,4,4-Trim.ethoxychalcone Red 

2,4,4' ,6-Tetramethoxychalc one lark red 

2, 3, 4, 4' ,5-Pentamethoxychaloone Red 

2 ,3 ,4-Trimethoxy-3 ' ,4 ’ -methylene dioxychalcone Cherry red 


Antimony pentachloride reaction is an extremely sensitive 

test. Ror example, 2-hydroxy-3 ,4 ,4*-trimethoxyohalcone, can be 

detected in as low a concentration as 1 part per million, 

o-\- 

The colour reactions by chalcones with various reagents 

7 

are reported in the literatiore . ! 
letection and Estimation of Chalcone(s) ; 

O 

A spot test for chalcone has been developed. . It is based 
on the pyrolytic oxidative cleavage of chalcone by lead dioxide. 
Benzaldehyde - the product of reaction - is identified (identifi- 
cation limit ; 50Y) by the appearance of yellow colour with 
thiobarbitxiric acid and phosphoric acid . 

Chalcone may also be characterized by chromatography of ' ' 

9 

its 2 ,4-dinitrophenylhydrazone (R^, 0,54) on paper, impregnated 
with diethyl ether - N,N-dimethylformamide-tetrahydrofuran 
(85 s 15 s 4; V/T). 

A scheme is reported for the q^ualitative identification 
10 

of two chalcones, e.g. » methylchalcone and tetramethoxy- 
eriodictyolchalcone , following separation by paper chromatography. 
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The chalcone (identification limit ; 5 ^") on the chromatogram is 

revealed as a yellow fluorescent spot, after spraying it with 

isonicotinic acid hydrazide reagent. 

Methods for the separation and subsequent identification of 

11 1 ? 

chalcone in lemon oil are described in the literat-ure. ’ 

1 2 

According to one method, TLC has been employed for the purpose, 
using ethylacetate-hexane (3s2) as the eluotropic solvent. 

Various chromogenic reagents are available for identification, 
which include concentrated hydrochloric acid, antimony trichloride 
(chloroform solution), 2,4-dinitrophenylhydrazine and nicotinic 
acid hydrazide . 

1 2 

For quantitative estimation of chalcones in lemon oil, 

the latter is reacted with nicotinic acid hydrazide and after 

2 hours, absorbance of the reaction mixture is recorded at 

around 404 nm, by means of a spectrophotometer. Alternatively, 

-l-z ttoaov 

chalcones may be determined gravimetrically by utilizing 
reaction with 2,4-dinitrophenylhydrazine . A spectrophotometric 
method for the determination of 2’ ,4' -dihydroxychalcone and 
7-hydroxyflavanone has been developed. For this purpose the 
absorbance of the alcoholic solution of the mixture is measured 
at 320 nm. 

^-substituted benzohydrazides (X-CgH^CONHHI^ ; X = 102^ 

Br or I) have been recommended ' as reagents for the identi- 
fication of chalcone. The melting points of the hydrazones 
17 

are claimed to differ sufficiently to make identification 
possible, without the determination of mixed melting points s 



Gompotind m.p, 

Chalcone-£-n.itrolDenzohydrazone 232 * 

Chalcone-£-bromo‘benzohydi'azone 1 70 ’ 

Chalcone-^-iodobenzohydrazone 182 “ 
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Introduction ; 

1 

The stereoisomers of chalcone have been examined in 
respect of their physical (colour, crystallography and transmu- 
tation) and chemical properties. It exists in several forms, 

2 

presumahly arising due to polymorphism and/or stereoisomerism© 

The introduction of methoxy or ethoxy group in the ^ -position 
of chalcone molecule exert different effects on isomerism. 
Conclusion has been drawn that mass of the groups about the 
olefinic system and particularly their spatial effects, determine 
the number of isomers obtainable in a given case. 

The relationship between polymorphism and stereoisomerism 
in respect of substituted chalc ones has been discussed. 
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The c(^ -hroiiio-^-iaethoxychalcone'^ exists in two stereo- 
isomeric forms. The most stable form has the highest melting 
point and is easier to isolate.^ The stereoisomers have been 

interconverted into each other under appropriate experimental 

, . , * 6 
conditions. 

c>( -Bfomo- ^ -methoxy (and ^ -ethoxy) chalcones also exist 

5 

in several crystalline forms with different melting points. 
However, their homologue, viz., -bromo-^ -propoxychalcone 
exists only in one form. 

Cis-trans Isomerism s 

7—12 

There are various reports about the existence of geome- 
trical isomers of chalcones. The well-known examples ares 

*1 *1 PO 1 0 

ch ale one, oC -phenylchalcone, * B -tolylchalcone, and 

1 2 

P^-phenyl-nit r ochalc one . 

The partial transformation of trans -chalcones into 
stereoisomeric pairs have been accomplished either by irradiation 
of their solution (in pmtane or iso-octane) to sunlight or by 
treatment with anhydrous aluminium chloride. The percentage 
trans -isomers formed on irradiation is reported ^ 
to vary greatly from one chalcone to another. The reverse 
Conversion from cis to its stereoisomeric pair can be effected 
thermally'^ or by acid catalysis.® 

The ultraviolet spectra of cis-trans isomers of chalcones 
have been Their spectra are quite different with a 

large extinction coefficient for the more stable trans isomer. 




In the acid catalysed isomerisation of cis to trans 
chalcone either of the following mechanisms (A and B) are 
involved ? 

of Acid Catalysed Isomerizat i on s 
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The rate controlling process is the addition of water to 
the conjugate acid (oxonium salt) of ois -chalcone . Following 
this slow step, rapid rotation about the C-C bond occ-urs, and 
this is followed by dehydration. The mechanism outlined above 
finds support in the deuterium isotope studies^ on this trans- 
formation. 



Mechanism B ( Garb oni urn ion mechanism) 


Slow 

^ — , — in 

Rote 

determining 

step 


transition State 


> 7 - ^ 1 
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The salt of the ketone (II), is resonance stabilized and 

undergoes rotation about C , - bond without the addition of 

eW p 

water . 

The isomerization may change from mechanism (A) to 
mechanism (B) depending upon the substituents present in the 

1 9 

chalcone molecule, as well as on the conditions of experiment. 

Thi3s , introduction of a methoxy group in the 2-, 4- and 6- 

positions will exert a very great influence on the stability of 

the postulated benzylic oarbonium ion (II) and thus favours 

isomerisation by the latter mechanism. Also, by reducing the 

activity of water the rate of isomerisation by mechanism (A) may 

be reduced and thus allow mechanism (B) to become competitive. 

Besides, the introduction of ortho substituents will provide 

some steric interference to the addition of water at the^ - 

carbon and likewise allow the carbonium ion mechanism to become 

competitive. The isomerisation of cis -ohalcone into trans - 

chalcone occurs in 78^ sulph'uric acid via mechanism (A), while 

mechanism (B) operates when the reaction is carried out in a 

sufficiently concentrated sulphuric acid (96^). 

The mechanism and kinetics of cis-trans photoisomerization 

21 

of chalcone has been reported. .The reaction has been 
21 

described to take place by a triplet mechanism, wherein a 
direct conversion of the twisted state of one isomer to the 
ground state of the other takes place. 
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Tautomerism in -Hydroxychalcone s 

-Hydroxy ch ale one is reported^^ to exhibit tautomerism. 

It exists in equilibrium with corresponding C'oumaran-3-one and 
22 

the diketone, thus s 



Ghalcone react with semicarbazide in acetic acid medium to 
give three isomeric semicarbazones^^ s A andY"-). According 

''C'. * 

hypothesis four semicarhazones (7-7III) are 


C-H 
II 

H-C— C— oS 
II 

N-NHCONH2 


(V) 


iZi-C-H 


m 


SiSi 




N:H2C0NH— Nl * 


H-C-oS 
II ^ 
H 




-■JS 






(VII) 


•'J ‘ I V , , 

iSSirlliillliilS:; 






I 'f * 






(1 J V '/ u“’' 










25 


isomers of chalcone phenyl semicarbazone 
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Chalcone Thiosemicarlpazones g 

Thiosemicarbazone of substituted chalcones (with substitution 

26 

in both the aromatic rings) are described in literatiire. The 

27 

thiosemicarbazone of chalcone and 2-nitrochalcone are reported 
to exhibit prototropic and thermochromic properties, 

Chalcone semicarbazone and thiosemicarbazone formed mder 

2R 

acid catalysis, are reported to have trans and anti configu- 
ration, with respect to the olefinic hydrogens. On the other 
hand , cis and syn products are formed in the base catalysed 
reaction. 

Chalcone semicarbazone derivatives are claimed^^’^^ to be 

useful for characterisation of chalcone, Por the preparation of 

these derivatives the following two reagents have been recomm- 

2Q 

ended, viz., 2,4-dinitrophenyl semicarbazide and -naphthyl- 

*50 

semicarbazide. The reagents can readily be prepared by the 
interaction of hydrazine hydrate with the appropriately 
substituted urea in alcoholic solution. 
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Introduction ; 

The conformational featiores of several chaloones have 
been arrived at by taking recourse to physical methods. The 
experimental methods for such investigations include, for 

1 —A Q— PQ 

example, Z-ray crystallography, dipole moment determination, ^ 
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infrared spectroscopy, ^ nuclear magnetic resonance spectroscopy 
etc. Only the former two methods are detailed in this chapter. 

X-ray Crystallographic Studies on Unsubstituted 
Chaloone ; 

Crystal and molecular struct\are studies based on X-ray 

1 

crystallographic data are reported for unsubstituted chaleone , 
It consists of two essentially planar units, which are linked 
by a non-planar cisoid 1,3-enone bridge twisted about the C-C 



Polymorphic Forms of Chaloone ; 

The conformational details about the polymorphic form of 
chaloone (m.p. 56" ) have been worked out''^ and compared with 
other polymorphic fom (mtp. 59*). 
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4 ’ -Bromoc hale one t 



and there exists a large bond twist (26°) about 

and the two phenyl rings are situated at an angle of 50° with 

4. 

respect to each other. 

4-Methoxyohalcone s ’ 

X-ray crystallographic studies in respect of 4-inethpxy- 
chalcone indicate that the molecule consists of three planar 
units, viz,, methoxyphenyl, enone and phenyl, and the angle 
between the planar units being 4.5° and 11.5°. A theoretical 
discussion has been published^ concerning the conformation of 4 
and 4 '-substituted chalcones, 

4 ,4* -Bimethylchalcone ; 

X-ray studies carried on 4,4'-dimethylchalcone'^ reveal 
that the angle between the planes of the two phenyl rings is 
48.6 ° , which represents a considerable deviation from planarity. 
This molecular conformation, it is claimed,' controls the 
formation of optically active dibromides in the bromination of 
a single crystal of 4,4’-dimethylchalcone, 
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Halonitrochalcones s 

R 

Trans o id conformations are reported to exist in the case 


of 3-chloro“, 3-hr,iSI^;and 4-'bromo--2*-nitrochalcones. 





jipole 


Chal cones s 




Dipole moments of a large number of chalcones 

^ ^ T T v\ T A ^ ^ ^ 1a jam JA *Ia JA jA»A ^ ^ jL jA aawa 


9-11 


their heterocyclic analogues 


have been determined (cf. 


Table 1 ) . These data have provided useful information regarding 
the stereochemistry of these molec\iLes. From dipole moment 

1 Q 

measurement on chalcone for example, it has been established 
that the double bond has a trans configuration, and the 
carbonyl group has a S-cis conformation with respect to the 
adjoining carbon-carbon double bond. 


Polymorphic Forms of Chalcone 


It has been reported"^ that the th?:*ee polymorphic forms 
of chalcone (m.p, 59°, 57° and 49* respectively) have the 
same dipole moment. 
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Bromochalcones s 

Dipole moment determination of various iDromochalcones 
viz., 4' -"bromochalcone , 4,4' -dilromochalcone , q( -dibromo- 
chalcone, and j3 -bromochalcones have been helpful in 
deciding whether the polar substituents are on the same or 
opposite sides of double bond of the chalcone molecule. 

Substitution Effects on Dipole Moment of Chalcones and 
Their Heterocyclic Analogues ; 

The effect of substituents on dipole moment of chalcone 
21 

has been studied. Based on the dipole moment data, the 

electron transfer through the carbonyl group of 4- and 4*- 

op 

substituted hydroxychalcones has been determined. With 

chalcone and 4-substituted chalcones (viz., chloro-, bromo-, 

nitro- and methoxy) there is no interaction with the TT- 

electron system of the phenyl ring (bearing the substituent) 

with the carbonyl group. In the case of 4,4-dimethylamino- 

chalcone, however, there seems to be a direct polar conjugation 

between the carbonyl function and the dimethylamino group. 

Enough data are available on the dipole moment of 4- 

and 4 ' -monosubstituted chalcone , furan ^ ,23,24 

thiophene, nitrothiophene selenophene^,^*^^ pyrrole^^ 

25 

and pyridine analogues of chalcone. The stereochemical 
implications of these data are summarized belows 
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Polarization caused ly a heterocyclic ring is greater 

than that of phenyl and that the observed dipole moment is 

generally greater than th©: calculated value. Similar type of 

difference have been observed -in respect of 4- and 4‘-mono- 

15 

substituted chalcones, and have been ascribed to the 
conjugation of the molecule. 

The following conclusions ^ have been drawn in respect 
of iDyrrole analogues of chalcone i 

(a) All these compounds exist in trans form. 

(b) The carbonyl and the vinyl groups assume a S-cis 
conformation, 

(c) The S-cis conformation can exist in two rotational 
isomers, viz. , syn and anti . In the former the WH of the 
pyrrole and the carbonyl group lie op. the same side of the 
molecule, while in the latter case, these lie on the opposite 
sides . The syn -configuration predominates owing to the 
stability arising due to the weak hydrogen bonding between the 
MH of pyrrole ring and the adjacent carbonyl group. In some 
of these compounds, however, the anti configuration is 
preferred, for example, 1-(2-pyrryl)-3-arylprop-3-ones and 
1-(N-methyl-2-pyrryl)-3-phenyl-1-one, The syn-anti 
conformation is, however, preferred in the case of 1,3-<3i(2- 
pyrryl) propenone.^^ 

The selenophene analogues of chalcone of the type I 
15 

and II are reported to exist as mixt-ures of equal amounts 
of syn-S-cis and anti-S-cis conformers. 
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Similar work is reported in respect of the substituted chalcones 

of the furan*'^ series. The pyridine analogue, however, 

23 

is reported to exist in a transoid conformation. 

10 

Dipole moment data have been used to establish the 
configuration of the -substituted , viz. , -(phenylthio )- 

ando(, -(phenyl sulphonyl) -chalcones. Herein the benzoyl group 
is ois to the phenyl and trans to the hydrogen atom. 

Brythro-Ohalcone Dihalides s 

The infrared carbonyl absorption data for erythro chalcone 

27 

dihalides have been used for calculating the dipole moment of 
these compounds. 

Chalcone Epoxides s 

The dipole moment data of chalcone epoxides are available 

pO pQ ’ pQ 

in the litaraturef ’ ^ These compounds are reported to exist 

^a^u-che conformation. The oxides of the thiophene chalcone 

30 

analogues exist in S-cis and S -trans conformations, these 
differing in the mutual orientation of oxirane ring and 
carbonyl group. 
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Huckel Molecular Orlaital Calculatioris g 

Based on the Huckel molecular orbital calculations, the 

trans structure and S-cis stereochemistry of 2'-hydroxychalcones 

51 

have been confirmed. 


Table 1 

Dipole moment of ch ale ones 


Compound 

Dipole moment (D) 

Ref . 

Ch ale one 

2,92,2,97,5.05,5.04 

9,15,16,52 

4 ' -Chlorochalcone 

2.98 

15 

4 ' -Bromo ch ale one 

2.95 

9 

4 ' -Methoxychalcone 

5.56 

15 

4 ' -Methylchalcone 

5.19 

15 

4 ' -Hitrochalcone 

4.21 

15 

4’ -Phenylchalcone 

5.12 

15 

4-Bluorochalc one 

2.61 

15 

4“Chlorochalcone 

2.54,2.74 

15,52 

4-Chloro-4’ -methoxychalcone 

5.62 

55 

4-Chloro-2' ,4' -dimethoxychalcone 

4.09 

55 

4-Bromochalcone 

2.47 

9 

4 ,4 * -Dibr omochalcone 

2.05 

9 

-Bromo chalc one 

5.87 

9 

-Bromochalcone 

5.59 

9 

4-Methoxychalcone 

5.45,5.40 

15,52 
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4 ,4 ’ -Dimethoxychalcone 

3.65 

33 

2' ,4,4 ' -Trimethoxychalcone 

4.08 

33 

4 ' -Ghloro-4-nie1;fcioxychalcone 

4.05 

33 

4 ’ -Methyl-4-niethoxychalcone 

3.85 

33. 

4 ' -Nitro-4-)ii.ethoxychalcon6 

5.54 

33 

4 ' -Phenyl-4-niethoxychalcon.e 

3.83 

33 

4 ' -Ghloro-2 ,4-<3iniethoxychalco.ne 

4.85 

33 

2,4,4’ -Trimethoxychalcone 

4.31 

33 

4’ -Methyl-2 ,4-diiiiethoxychalcone 

4.29 

33 

4 ' -Nitro-2 ,4-(3im6thoxychalc one 

7.04 

33 

4 ’ -Phenyl-2 ,4-diniethoxychalcone 

4.40 

33 

4-Methylchalcone 

3.26 

13 

4 ’ -Methoxy-4~niethylchalcone 

3.88 

53 

2 ’ ,4 ' -Pim6thoxy-4-ni€thylchalcone 

4.24 

33 

4-Nitrochalcone 

3.6,3.92 

13,32 

4 ' -MGthoxy-4~nitrochalcone 

4.61 

33 

4 ,4-Piniethylaiiiinochalcone 

4.88 

13 

4 -Ph e ny Ic h ale one 

3.03 

13 

4 ’ -Methoxy-4-phenylchalcone 

3.65 

33 

2 ’ ,4 ' -Piia6thoxy-4-phenylchalcone 

4.32 

33 


Y" ^ ^ 

X - GO - GH = GH - Y 
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Y -Keto- ’^(2-furanyl)-o^-pheiayl- 
1-propene 

3.19 

16 

f -Keto- y (5-nitro-2-furanyl)- 
o4.~phenyl-1 -propene 

2.96 

16 

Y -Keto-*y (2-furan.yl)- <^-(4- 
methoxyphenylVl -propene 

3.59 

16 

y -Keto- y (5-nitro-2-furanyl)- 
^ -(4-methoxyp]aenyl)-1- 
propene 

3.63 

16 

Y-Keto-y (2-furanyl)-^ (2,4- 
diniethox 3 ^henyl )-1 -propene 

4.18 

16 

Y-Keto-Y(5-nitro-2-f’uranyl)- 

( 2 ,4-diiiiethoxyphenyl)o<y 

1 -propene 

4.40 

16 

y -Keto- y (2-furanyl)-o<(-(4- 
nitrophenyl )- 1 -propene 

4.43 

16 

Y -Keto- y-phenyl-o4(2-furanyl ) 

-1 -propene 

3.03 

16 

Y-Keto- Y' (4-methoxyphenyl )-o((2- 
f uranyl )-1 -propene 

3.22 

16 

Y “Keto-y(2,4-Dimethoxyphenyl) 

- Y(2-f uranyl )-1 -propene 

3.90 

16 

Y-Keto- y(4-nitrophenyl)-o<^(2- 
f uranyl ) - 1 -prop ene 

4.97 

16 

Y-Keto- V -phenyl-c4.(5-nitro-2- 
» f uranyl ) -1 -propene 

2.91 

16 

Y-Keto- Y (4-niethoxyphenyl)-c^ 
(5-nitro-2-f uranyl )-1- 
propene 

3.23 

16 

Y-Keto- y (2,4-dimethoxyphenyl) 
Y- (5-nitro-2-f uranyl )-1- 
propene 

5.17 

16 

Y-Keto -Y (4-nitrophenyl (5- 
nitro-2-f "uranyl)-! -propene 

4.86 

16 

y-Keto-C5( , Y-dl(2-f "uranyl )-1 - 
propene 

3.17 

16 
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ULTM VIOLET SPECTROSCOPY 


Introduction; 


1 


Trans -chalcone usually shows two absorption hands located 

at 300 nm (Band I) and 230 nm (Band II) respectively. Previously 

these hands were believed to originate due to the presence of two 

2 

chromophoric groups, viz,, benzoyl and cinnamoyl moieties, in 

5 

the chalcone molecule. According to the accepted view, band I 
arises due to 1 con-ini>-p+.-! ~ ~ whole, thus 

^1 -CH = CH-C 

eO 




© u 

The third bandA;%r» aarsu ueeili " 1 ‘e^rte d has been 


' 



characterised a^ the modified E-band of the phenyl group. 
Another band located between 250-270 nm (middle band) has been 

O 'X CZ --.Q 

observed in cis-chalcones, as well as in some trans - 

.1 Q 

isomers. It has been reported that the TJ.V, spectmam of cis - 
chalcone contains styrene absorption baade which are absent in 
the spectrum of trans -chalcone . 

The electronic absorption spectra have been calculated for 


chalcone. 


10 


11 

its derivatives, and the heterocyclic analogues 
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1 2 

of chalcone. On the basis of theoretical calculations it has 
been shown that the long wave ultraviolet absorption bands of 
4~substitut ed chalcones are more complex in nature. There exist 
other bands besides those arising due to intramolecular charge 
transfer transition, 

4. i4_-)7 

Substituent Effects on U.V. Absorption of Chalcones ’ % 

In general, substitution in ring B causes greater bathoch- 
romic shift of band I, than in ring Electron with- 

drawing substituents in ring B produce large hypsochromic 
1 

effect , but when present in ring A they exhibit bathochromic 
effects. 

Replacement of the phenyl moiety (ring A or ring B) with 

2-thienyl or 2-furyl gives rise to a bathochromic shift of band 
5 1R IQ 

I. ’ * The effect, however, is more pronounced* when the 

phenyl group (ring B) is substituted by the heterocyclic 
1 Q 

residue . 

Solvent Effect s 

^ - i r r ~ 

The effect of solvent on the position of n- TT and TV 

20 

transition in chalcone derivatives has been studied. 

Miscellaneous Studies s 

The ultraviolet absorption studies are reported for the 
following compounds? chalcones , ^ heterocyclic 
analogues of chalcone, chalcone glucosides,"^^ 
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71 *^7 7P 

chalcone complexes with horon. trifluoride, ferric chloride,^'*' 

72 41 

antimony pentachloride and boric acid, chalcone--2,4- 
dinitrophenyl-hydrazones and chalcols, 

immBED SPECTROSCOPY 

Several studies in respect of infrared absorption of 

7R—Rfi 9 87—91 

chalcones, heterocyclic analogues of chalcones ’ ' and 

92 

chalcone derivatives have been published. 

Carbonyl Group, Substituent Effects ; 

The integral intensities of carbonyl absorption band in the 

infrared spectra of chalcone, 4*- and 4’ -substituted chalcones, 

as well as heterocyclic analogues (selenienyl, thienyl and firryl) 

93 

have been reported. 

The frequency of carbonyl absorption in chalcone has been 

determined by 'Huckel's Molecular Orbital Method' as well as on 

94 

the basis of other theoretical calculations. 

The substituent effects on the carbonyl stretching 

015-00 90 93 

frequency of chalcone and its heterocyclic sttialogues ’ 

have been published. 

Hydrogen Bonding s 

I 

The effect of hydrogen bonding, viz. , intermolecular and 
intramolecular type, on the carbonyl group of hydroxych ale ones 
have been described in the literature 
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The intramolecular hydrogen bonding in respect of cis - and 

101 

trans -isomers of 2 ' -hydroxy-3 ' “iiitrochalcone has been studied. 

In the ci s- isomer , the hydroxyl and the nitro groups are hydrogen 

bonded, while in the trans -isomer the 2 '-hydroxyl group is 

1 01 

chelated with the carbonyl group. 

In the case of 2’-hydroxychalcone, the hydrogen bond energy 

95 

has been calculated. 

Basicity ; 

Infrared absorption data has been used for comparison of 

relative basicities of chalcones,^*^^"^^'^ ferrocene"^ and 
H 06 

thiophene ° analogues of chalcone. 

Rotational Isomers s 

Infrared spectroscopy has been employed in studying the 

rotational isomers (S -cis and S -trans ) of substituted 

107-117 105 118 

chalcones and heterocyclic analogues of chalcone. ’ 

Ramn Spectroscopy ; 

119-121 

The Raman spectrum of chalcone has been reported 


in the literature 
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NUCLEAR MGNETIC RESONANCE SPEGTROSCOPY 
Chalcones and Their Heterocyolio Analogues ; 

1 22 

The proton magnetic resonance spectra of some chalcones 

and their heterocyclic analogues (containing fur an, thiophene 

1 2*5 

and selenophene ring attached at 2-position) are reported ^ in 
the literature . 

The correlation between the N.M.R. signals of the hydroxyl 

groups of chalcone derivatives (in acetone solvent) and the <5~’- 

1 24 

substituent parameters have been reported. 

13 125 

C-N.M.R. chemical shifts of substituted chalcones, 

■ 1 26 

as well as those of heterocyclic analogues of chalcone are 

NMR 

available in the literature. C /and PMR spectra have been 
1 27 

studied ' for ferrooenyl chalcone and their iron carbonyl 
complexes. It has been stated that the conjugation in the 
chalcone molecule is reduced by its coordination with the iron 
carbonyl. Based on '^C-N.M.R. data, the effect of the ferrocenyl 
group on the jf -electron distribution in chalcone, has been 
studied."'^® 

Chalcone Lerivatives ; 

from the examination of N.M.R, spectra of some substituted 

129 

chalcone epoxides, the following conclusions have been drawn. 

The epoxide ring has a trans configuration and the two 
oxirane ring protons appear in the range 5 . 70 - 5*82 X and 
5.82-6.02 XT respectively. 
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92 1*50 

N.M.R, data * aar’e available for isocyanato-haloehalcones * 
trans -chalcone-oxime . semicarbazoixe , thiosemicarbazone 3, S'- 
dipben.yl-1-acetamido (and thioacetamido )-2-pyrazolines . 

MilSS SPECIROMETRY 
Cbalcones ; 

The mass spectrum of cha‘’,cone shows three favoured ions, 

' viz., , (M~1 and (M-29)'*', where m"*" stands for the molecular 

151 

ion. The following mechanism has been advanced to explain 



formation of an extra bond. This is followed by the loss of 

carbon monoxide leading to the fused ring structure ( vide supra ) . 

Skeletal rearrangements occur in the mass spectrometry of 

T’52 

chalcone. The f ollowing rearrangement ions are reported,, with 
their relative abundance (expressed as %). 

(11); (13) and 014!*;^ (26) 
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IX nas been, shown ^ that electron ‘bombardinent of 2'- 
hydr oxychalc one leads to the formation of f lavanone , The 

•j 'Z '7 

mechanism involves the migration of the phenolic hydrogen to 
the 3“Position of the flavanone type ions 


The main 


illustrated 






268 


Based on mass spectrometric data, ionization potential of 

4- and 4 '-mono substituted chalcones have been determined. The 

1'^6 

values so obtained are reported to be in agreement with the 
values arrived at by molecular orbital calculations, 

Chalcone Epoxides ; 

1 37 

Mass spectrometry has been utilized for the qualitative 
characterization of the transmission effects through the oxirane 
ring of chalcone epoxide. 
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Column Chromatography ; 

Column chromatography over silica gel, involving the use 

1 

of herherine as a fluorescent adsorbent , has been employed 
successfully for the separation of chalcone from 4-methoxy-: - 

chalcone. 

2’ -Hydroxychalcone are separable from the corresponding 

flavanones, e.g., butin from butein, by column chromatography 

2 

using polyamide as adsorbent. 2'-Hydroxychaleones are retained 
by the column, while flavanones are eluted with aqueous methanol. 
The chalcones, adsorbed on the column, are then eluted with the 
pure solvent. The separation of 2’-hydroxychalcones from 
flavanols^ and flavanonols^ have likewise been carried out by 
polyamide column chromatography. 
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Thin Layer Chromatography s 

Thin layer chromatography (TIC) on silica gel or polyester 
4- 

film has heen used for effecting the separation of chalcones 
from other flavonoids and alkaloids, Hesperidin methyl chalcone 

5 

in pharmaceuticals has been isolated on polyamide thin layers 
and subsequently estimated by fluorometric method (treatment of 
the chalcone-spot with methanolic aluminium chloride, and the 
fluorescent spot removed, extracted with a solvent and subjected 
to spectrophotometric analysis). 

g 

A preparative TIC method has been developed for the 
separation on silica gel, of several hydroxychaloones and their 
corresponding flavanones, using ligroin-ethylaoetate as the 
developer solvent . 

ois-trans isomers of 2-hydroxy- ©(-methoxychalc one have 

7 

been separated on silica gel plates using eluotropic solvent, 
bensene-methanol (95 s5). 

values are reported for a large number of substituted 

R— 10 11 To 9 10 

aromatic chalcones, ferrocene, furyl, thienyl ’ and 

9 

pyrryl analogues of chalcones. The values have been 

Q 

correlated with the position and nature of the substituents. 
Pa per Chromatography s 

Chalcones have been separated from other flavonoids by 
paper chromatography"* using butanol-acetic acid-water 
(4«1s2.2) as the developer solvent. The spot positions of 



282 


chalcon.es on the chromatogram are revealed either hy character- 
istic fluorescence in the ultraviolet light or hy colour 
reactions. 

Paper chromatography of some ohalcones ° and their 
15 

glycosides are reported. These give yellow or orange spots 

1 5 

on paper developed with aqueous phenol. 

Paper chromatography, involving the use of horic acid- 

sodi\m acetate impregnated paper, has been utilized ' for 

differentiating £-dihydroxyflavanones from similar flavanones- 

hut lacking in catechol type hydroxylic grouping. 

Relation between chromatographic parameters of halogenated 

chalcones hy adsorption and partition chromatographic techniques 

1 8 

have been studied. 

Ion Exchange Ohromatography s 

19 

Chaloone is reported to be qtjantitatively adsorbed on 
the anion exchange resin (Amberlite IEA-400, in HSO^ form), 
provided the passage through the column is long and can be 
eluted with sodium chloride solution. 
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CHAPTER - 16 

NATURALLY OCCURRING CHALCONES AND THEIR LERIVATIVES 


During the past decade a numher of reports have appeared 
in the literature, describing the isolation of chalcones from 
the various parts of the plants, viz., roots 

heaxt-wooaf'^-75-'^9<60 tads/ leaves, 25-27, 29, 34,36, 51 ,52,54.58,71 

blossoms, inflorescences,^^ flowers^’® and 

5 575 57 74 74 

seeds. These compounds exist in the-^/ree state as 
chalcones or in the combined form as glycosides. The substi- 
tuent (s), viz., hydroxy, methoxy, methyl and isopentenyl, may 
be present either in ring A and/or ring B of the chalcone 
molecule. Besides, there are reports^^’^^ about 
the isolation of dihydrochalcones from the higher plants. 

Table I lists (vide infra) the naturally occurring 

" ' ' ' ' ' ' , 

chalcones and their derivatives. 


Table I 

Naturally occurring chalcones and their derivatives 
Source Chalcones and their derivatives Ref . 


Acacia 2’ ,5 ’ ,4* »4--Tetrahydroxychalcone 1 

auriculiformis 

Acacia cyanophvlla Ghalcononaringenin-4-glucoside. 2 

(Blowers) Isosalipurposide 
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Adenanthera pavonina Chalcone and 

"Red Sandalwood" 2' ,3 ,4,4'-Tei}rahydroxychalcone 3 

(Bute in) 

Alnus virdis 4' ,5'-I)ihydroxy-6’-methoxychalcone 4 

(Buds) 



2 ' ,4 ’ -Dihydroxy~6 ’ -methoxychalcone , 5 

(Cardamonin) 



keiskei 


(Roots ) 


AniBa rosaeodora 
BUCKS 



Prenyl chalcone s» Xanthoangelol 


and hydroxy derricin 


Chalcononargenin-4’'-glucoside , 8 

2 ’ ,3 j4j4 ’ ,6 • -Pentahydroxyehalcone- 
4*^glucoside 

Berchemia zeyheri ,2’ ,4,4* sS’-Pentahydrpxychalcone 9 

"Red ivory" (Red-wood) 


Antirrhinum ma.jus 
( yellow flowers ) 
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Bldens tripartite 

Chromalaena od grata 

"Citrus Molasses" 

Cordoa piaoa 
(lonchocarpus ) 

Coreopsis tinctoria 
(Ray flowers ) 

"Cotton" 

(Flowers ) 

Crypto car ya 
bourdilloni 
(lauraceae ) 

Roots 


2,3' ,4,4-' “Tetrahydroxychalcone , 1 0 

Butein-y-O-^ -D-glucopyranoside 

2' ,4-Dihydroxy--4' ,5' ,6’~ 11 

trimethoxychalcone , 2 ' -Hydroxy- 
4,4' ,5,5' ,6’-pentaiiiethoxychalcone 

A Methylchalcone 12 

Cordoin, Isocordoin, -Isocordoin, 13-16 

Bihydrocordoin, Berricin, 4-Hydroxy- 
derricin, lonchocarpin, 4-Hydroxy- 
lonchocarpin and 4“Hydroxy‘- 
isocordoin 

4' -Glucosidozy-2' ,3 ' ,5 ,4-tetra- 17 

hydroxychalcone (Marein) 

2 ' ,3 ' ,4' ,6' ,8' ,3,4-Heptahydroxy- 18 

chalcone glucoside 

19,20 


/ 
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Paemonorops dracu 
"Pragon's blood 
resin" 
fruit 

Dahlia species 

Dahlia tenuicaulis 
(leaves ) 

Dahlia tenuicaul^ 

■■■■ 

(flower heads) 

Pat i sea cannabina 
(Root cortex) 

Perris sericea 
(Root bark) 


Did?ym.ocarpu3 
pendicellata 
(Gesneriaceae ) 
Roots 


2 ,4-Dihydroxy— 5 “Die thyl-6 -me thoxy 21 

chalcone? 2 , 4-Dihydroxy-6-methoxy- 
ch ale one 

4’ -Arabinosylgalactoside of butein * 22 
and other glycosides 

2 ’ -Hydroxy-4 ,4 ' ,6 ' -trimethoxy- 23 

ch ale one 

4,2’ ,4 ’ -Tr ihydr oxychalc one , ^ 2^3 

3,2’ ,4' -Ti’ihydroxy-4-niethoxychalcone 

% *' i 

Unidentified chalcone * 24 

25 


2 ' ,6 ' -Dihydroxy-4 ’ ,5 * -diDjethoxy- 26 

chalcone 

(Pashanone) . 



290 


Eupatorium odoratam 2 ' -Hydroxy-4 ,4 ' , 5 ' ,6 ' -tetramethoxy-’ 2? 

(Leaves) chalcone 


Elemingia Chappar 2 ' ,4 ' -Lihydroxyc hale one , 28-32 





2' ,4' ,4-Trihydroxychalcone , 

2 ' ,4 ’ -Lihydroxy-5 ' -methoxychalcone 


(Whole plant) 


PleminEcia Chappar 


Chrome nochalconc) 
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Flemingia striota 
(Leguminoseae ) 
(Leaves) 


jPlenLingia 
stroLilifera 
(Ro ots ) 



— -11 Fl^nn.-etr.V^jp a 

-L ■ "' ; 

3' ,6 *-I)ihydroxy-2' ,4’ ,5 ' 94- 35 

t e tr ame th oxych al G one 


Rlemingia wallichii Homoflemingin, 
(Leaves) y Plemiwallichin 


G-lycyrrhlza eohinata 
(Tissue culture) 


•4 ,4* -Lihydroxy-2-methoxychdlcone 
(Echinatin) 


36 


37 


Glyc?/rrhiza glabra 2,4,4*-Trihyaroxychalcone, 4- 38,39 

(Roots) Hydroxychalc one, Unidentified 

chalcones, 

Glycosidal chalcone 40 

Glycyrrhiza glabra 
(Root bark) 


I, R = (CMe2-CH=CH2)? R’=H 





Gnaphalim affine 
(Flowers ) 



Gnaphalitun ranMicers 


Goniorrhachi 


margina-ba 

(Heartwood) 



HO. I F 'To 



Hellchryapm 
Iraoteatm 
(Blossoms ) 



2 ',5, 4, 4', 6’ -Pent ah ydr oxych ale one 
2V-glucoside 5 Isosalipurposide , 

2 53,4 ,4 ' f 5 ,6 ' -Hexahydroxychalcone 
2’-glPcoside 






■COCH 


liiEiisilfc:l^^^» 


Lyonia f ormosa 


(Leaves ) 


2 ' 5 6 • -Lihy(3roxy-4 ' -methoxychalcone 


Lindera , umDella-ta 


ThmlD (Leaves ) 


Lonchocaxnus seric 


(Belgian Congo ) 


Seeds and reots 


Hop extract 


OMe 


( Xanthohum 


Larrea nitida 
(Aerial parts) 


2 ' ,4 ' -Lihydroxy-3 ' -methoxychalcone 
(Larrein) 

2’ ,4’~Dihydroxychalcone 


Lasthenia 
(Compositae ) 


Bute in and Gkanin 


(Lyonogenin ) 

and Lyonogenin-2 ' -glucopyranoside 
(Lyonotin) 
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Machaerim 
nucronulatum 
(Wood ) 

Merrillia caloxylon 
(Fruit ) 


Milletia ovalifolia 
(Seeds ) 


Myrica pcale 
(Leaves) 

Myrioa gale 
(Fruits) 


Butein and 55 

Isoliqxiiritigenin 

2 '-Hydroxy-5, 4, 4' ,6 ' -tetramethoxy- 56 

chalcone , 

2 ' ,3 -Dihydroxy-4 j4 ' ,6 ' -trimethoxy- 
chalcone, 

2-Hydroxy-3 ,4, 4 ' ,5 ’ ,6 ' -pentamethoxy- 
ch ale one 



2 ’ ,4’ -Dihydroxy-6 ' -methoxy-5 * ,5 ’ - 


57 


58 


dimethylchalc one 


2 * -Hydroxy-4 * ,6 * -dimethoxy-3 ' - 58 

methyl-dihydr ochalc one 
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Myrica piiale 
(Fruits ) 


Oenothera hookerl 

Onagraceae 
(Petals ) 

Onychium a\iratum 
(Fern ) 

Petunia hyhrida 
(Pollen) 

Piper methysticuiii 
Forst , 

(Roots) 

PityrogranuD-a 

austroamericana 

(Gold-fern) 

(Yellow powdery- 
coating on the 
underside of fronds) 


2 ' ,6 ' '-I)ihydroxy-4' “niethoxy-3 ' »5 ’ 
-dihydrochalcor^-’i^. 


59 



C--(CH2)2-'Ph 


Isosalipurposide 


60 


Onagraceae: 13 species contain the 6l 

chalcone, while 27 species axe 
lacking in it 

2 ' , 6 ’ -Dihydroxy-4 ’ , 5 ’ -dimethoxy- 62 

chalcone , 

2 ’ , 6 ' -Dihydroxy-4 ' -meth oxychalc one 63 
4,2* ,4’ ,6'-Tetrahydroxychalcone 64 


2' ,4* -Dihydroxy-4,6-dii!iethoxychalcone 65 


2 ’ ,6 * -Dihydroxy-4 ,4 ' -“dimethoxy- 66 

chalcone, 

2’ ,6 ’-Dihydroxy-4, 4 '-dime thoxy- 
dihydrochalcone 
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Pityrogcamma 2' ,6*-Pihydroxy-4'“iiiethoxy- 67 

oalomelanos dihydrochalcone, 

and 

P . tarterea (Exudate ) 2 ' ,6 ' -Pihydr 0x7-4 ,4 ‘ -dimethoxy- 

( Jamaican ferns) dihydrochalcone 

Pityrogramma 2 ' ,6 ' -Dihydroxy-4 ’ -methoxychalcorfe 66 

cbrysophylla 2' ,6 '-Dihydroxy-4, 4* -dimethoxy- 68 

heyderi (Pronds) chalcone 

Pityrogramma 2 ' ,6 ' -Dihydroxy-4 ,4 ' -dimethoxy-- ' ' 66 

lehmanii dihydrochalcone 

(Silver fern) 

White coating on the 
underside of fronds 

Pityrogramma 2 ’ , 6 * -Dihydroxy-3 * -methyl-4 ’ - 69 

triangularis methoxychalcone 

(Perns) Exudate 

Podocarous nubigena ^(^,2' ,4,4' ,6'-Pentahydroxy-dihydro- 70 

chalcone (Nubigenol) 

Polygonum senegalese 2’ ,4' •■Dihydroxy-3' ,6 '-dimethoxy- 71 

(Seeds and leaves) chalcone j. 

"Populus bud oils" 2' ,4' ,6'-Trihydroxychalcone, 72 

(Several species or 2 ' ,6 '-Dihydroxy-4 '-laethoxychalc one 
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Prunus cerasus L. 2'-Hydroxy--2,4,4’ ,6'-tetramethoxy-- 

(Heartwood) chalcone (Cerasidin) 


2 ' ,4 ' -Dihydroxy-2 ,4*6 ' -trims thoxy- 



4' -0-Methylchalcone , 


5 ' -Pormyl-2 ’ ,4-dihydroxy-4 ' - 
methoxychalcone 


74 

75 



Rhododendron. 


4 ,6 ’ -Trihydroxy-4* -methoxy' 


dihydrochalcone and Asebotin 


R ■■ nudif lorum and 


2’ ,4,4' ,6'-T6trahydroxychalcone-6'- 
( 6 -0 Coumaro yl ) -D-glucopyrano s ide 
Chalconaringenin-6 ' -D-glucoside 


(Bark) 


Tephrosia obovata 
Merr, 


anochalcone 


(Pish Poison Plant) 
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Trechylobimi ,2' ,3 j4,4-*“P6ntahydroxychalcone 79,80 

verruc 05 11111 
(Gaertn.) oliv, 

(Heartwood) 

Tulipa GY. "iLpeldoorn" 2’ ,3 ,4,4 ' ,6 * -Pentahydroxychalcone 81 
(During development 2* ,4,4’ ,6'-Tet^ahydroxy-3-methoxy- 
of Anthers) chalcone, 



Uvaria chamae Beny.yldi hydroohaiconco s Q3- 

Chamuvarin and chamuvaritin 


Uvaria chamae Beny.yldi hydroohaiconco s Q3- 

Chamuvarin and chamuvaritin 

Viburnum davidii 2' ,4,4'-Trihydroxy-dihydrochalcone 84 

Viburnum davidii Davidioside, 85 

(leaves) Davidigenin and 4'“methoxy derivative 

Viseum album 1, 2 *-Hydroxyr4* ,6 ' -dimethoxychalcone 86 
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Introduction s 

The presence of enone function in chalcone molecule confers 
upon it the antibiotic activity (bacteriostatic A>actericidal) , 

This property is enhanced when substitution is made at the 

/N 27 

(nitro and bromo) and p -(bromo and hydroxylic) positions. 

Some substituted chalcones and their derivatives, including some 

of their heterocyclic analogues, have been reported to possess 

some interesting biological properties, which are detrimental to 

the growth of microbes,^^”^^ tubercle bacilli, malarial 

parasites acrus Schistosoma^^ and intestinal worms ,^5 ,40 ,41 

Some of the compounds are claimed to be toxic to animals^^*^^ and 

ihsects^^*^^ and are also renorted to exhibit inhibitoirv action 
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oil several enzymes fungi^ and herbaceous 

/s /I ‘7 

^'Ic-.n-io. The compounds of the chalcone series also show 
3;rofound influence on the card io -vascular cerebro-vascular and 
neuromuscular systems , including the vital organs of the experi- 
mental animals ,^3^-67 1 1 Tyl 1 25 .biological 

-activities of these compounds are siommarized .in Table 1. 


Table I 

Biological Activities of Chalcones 


■ Bacteriostatic or Bacterioidal Activity 


Compound 
Chalc one 


Chalcone 


Chalcone 


Remarks 

Significant bacterio- 
static action. 

The bacteriostatic effect 
could not be reversed by- 
cyst ein, in contrast to 
the effect of this com- 
pound on other antibiotics. 


Test organism 

E. coli 
S, aureus 
B. mycoides 
B, subtilis 
S. lutea 

S, aiireus 


Ref. 

1 


2 


The antibacterial action 
is associated with ,jS 
unsaturated carbonyl 
group of the molecule. 


S, aureus 209P 3 

B. coli 

- T .mentagrophytes 

C. albicans 
W.anomala 

T. util is 
A.usami 
P.chrysogenum 

Q 176 
S.sake 


Prenylated 
c hale one 


Ha.lohydroxy- 
c hale ones 


Sitrohydroxy- 
0 hale one 


4-Hydroxyderricin 
exhibit® a marlcsd inhibi- 
tory activity (in vitro ) . 
Chalcones having 4’~ 
hydroxyl and halogenic 
substituents (in 2- and 4- 
positions) possess marked 
antibacterial activity. 

Also the chalcones with 
fluoro substituent have 
better antibacterial 
activity compared to 
bromo- or chloro-chalcones . 
5 ' -Nitro-4' -hydroxy-2- 
methoxy chalcone has the 
highest antibacterial acti- 
vity (vivo). Other active 
chalcones are ; 3'-nitro- 
4 ' -hydroxy-2 , 3 -dimeth oxy- 
ch ale one and 3 ’ -nitr o -4 ’ - 
hydroxy- 2 5 5 -dimethoxy- 
chalcone. 


Gram-positive 
micro organisms 


S , alb us 
S. aureus 


S. albus 
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Nitrohydroxy- 
chalc ones 


ITitrohydroxy- 

chalcone 


Aminochalc one s 


Ghlorohydroxy- 
c halo one 

Bromohydroxy- 

chalcone 

Bromohydroxy- 

chalcone 


Bromohydroxy- 

chalcone 


The following chalcones 

E. coli 

S. flexneri 

8 

exhibit antibacterial 

K. pneumoniae 

S. aureus and 


activity 5 

S. albus 


RCOCH=CHCgH^OMe-iii 

strain resistant 

R=2,5”» 4,3“, 492 -, and 

to streptomycin 


2,4-(0H)N02CgH^ 

and polymyxin 


3 ' -N itro- 4 ' -hydroxy- 2 - 

methoxy-chalcone has a 

strong antibacterial action. 

S, albus 
(in vitro) 

7 

4 - (and 4')-amino chalcones 

possess bacteriostatic 

activity. 

S . aureus 

S. hemolyticus 

9 

Antibacterial 

- 

10,11 

A b> \.cJL 

S . aureus 

12 

4' ,5-Dibroiiio*-2-hydroxy- 

— 

13 


chalcone has the highest 
■bacteriostatic activity 
( 1 ; 640 , 000 ). 

2,2*-I)ihydroxy-3 9 5 95'-tri- S. aureus I 4 

bromo-ohalcone possesses 
bacteriostatic action. 

Inhibitory concentrations 

1s640*,000. 


1 
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lodohydroxy- 
ch ale one 


Alkylthio- 
c hale ones 


4’ -Hydroxy-3 ’ ,4,5' -tri- - 15 

iodoohalcone, 4 ' -Hydroxy-3 ' , 

5 ' -diiodo-4-propoxy (and 4- 
butoxy)-ohaloones and consi- 
dered as possihle antihac- 
terial agents. 

The following chalcones B. sultilis 16 

NEEL 

possess antibacterial E. coli 0-55 

S. aureus 209P 

activity (in vitro)? 

4' -Thioalkylchalcone and 4- 


chloro-5 ' -methyl-2 ' - 

thioalkyl chalcone. 

Sulphonic acid Bactericidal 
and carboxylic 
acid deriva- 
tives of 
chalcones 


Ohalcone Potential antibsicterial 

s ulphanilamid e s 

agents . 


Chalcone 2-Pluoro-3-nitro-4- 

penicillanate 

chalconyl-S-phenylacetamido- 
penicillanate possesses 
antibacterial action. 

Tarious Bacteriostatic activity. B. abortus 

chalcones 


Puran Significant bacteriostatic 

analogues of 

chalcone action. 


E. coli 
S . aureus 
B. mycoidis 
B . subtilis 
S. lutea 


17 


18 

19,20 


21 

1 



Piaran and 8- 
hydroxy quinoline 
analogue of 
chalcone 


AntimlcroTpial Activity 

Activity was increased by 
D^-br ominat i o n , 


- sub s t i t ut e d 
chalcones 


Hydroxycarboxy 4 ' -Hydroxy-5 ' -carboxy- 
chalcones and 

chalcones, 4-chloro-4'- 


their dihydro 
derivatives 


Chalcone 

derivative 


-Bromo- 
c hale ones 


hydroxy-5 ’ -carboxychalcone 
and 4-niethoxy-4' -hydroxy- 
5 ' -carboxydihydrochalcone 
possess antimicrobial 
activity (in vitro). 
Methylene dithiodiacetic 
acid derivative (produced by 
the reaction of chalcone 
with monothiol acetic acid) 
has antimicrobial action. 
Antimicrobial activity. 


Antibiotic Activity 

Chalcone Antibiotic activity is asso- 

ciated with the C=C bond of 
the chalcone molecule. 
Enhancement in antibiotic 
activity results when 


B. subtilis 


Trichophyton 


B. subtilis 
S. hemol 3 rfcicus 
and 

other bacteria 
in vitro 


Trich omonas 
exXos 
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substitution, is made at the 
Sind bromo) and ^ - 
(bromo- and hydroxyl) posi- 
tions respectively. Addition 
of cyst e in or serum to 
chalcones hampers activity 
owing to their reduction 


with SH group. 


Salicy«lic 

chalcones 

2 ' -Hydroxy-4’ -carbethoxy 

chalcone has an antibiotic 

activity. 


28 

Furan analogue 
of chalcone 

Exhibits an antibiotic 

action. 

E. coli 

29 

Tuberculostatic 

and Anti-Tubercular Activity 



Puran analogue 
of chalcone 

Compared to thiomicid it 

possesses lesser tubercu- 
lostatic action and is 

markedly toxic . 

Rats 

30 

Chalc one-2- 

hydroxy-4-- 

acetamido- '•f'* 

benzene 

sulphonyl 

hydrazone 

Potential anti-tubercular 

compound 


31 

Semi car baz one 
and thiosemi- 
carbazones of 
chalcone or 
its analogue 

The highly effective anti- Tubercle 

bacilli 

tubercular compounds are ; 

a) Semicarba^ones of thio- 
phene analogue of chalcone 
containing chloro- and 
nitro-substituents 

32 

33 

34 
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Id) and those corresponding 
to the general formulas 


£-R0 CgH^CH= CY-C0MHSONH2 


(R=alkyl, Y=MeO , COOH, 
or phenyl) 



Chalc one 
derivativ 



CR =NNH 


HN 


- 


R=C1; OSt? Phj CP^, Brj SMe? 

SO2M6; Me, 0C(S)NMe2l 

H'=H| 4-ClCgH^5 2-naphthyl; 

R^=H| Me? 

3 

R =su'bstituted phenyl; 

2-naphthyl I 
X=(CH2)^_3? CHMe 

Antiparasitic Activity 

Thiophene As possible antiparasitic - 36 

analogues of 

chalc one compounds. 

Antimalarial Activity 
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A oaricidal Activity 

Chalcone and Exhibit acaricidal activity. - 38 

some fur an 

analogues 


Schistosomicidal Activity 

Chalcone Thienyl pyrazolines derived - 39 

derivatives 

from appropriate chalcones 
are described as potential 
schistosomicidal agents. 


Anthelminitic Activity 


2 ’ ,4' -bihydro- 
xychalconeCs ) 
and ■ 

derivatives 

a) 

Toxicity and local irri- 
tation are less than 
hexylresorcinol . 

Ascaris 

40 


b) 

Chalcone derivative, 
viz., 3 55 -diphenylisoxa- 
zoline has shown anthel- 
mintic activity 

Pin worms 

41 


c) 

2,2' -f ihydr oxychalc one 
has also (in vitro) 
anthelmintic activity. 

o 

Amebae 

41 

Chalcone 

derivatives 

Methylenedithiodiacetic 

Shigella 

dysenteriae 

25 


acid derivative of chalcone 


possesses antiprotozoal 
activity. 


Insect Repellant and Insecticidal Activity 

Ghalcone Some chalcone derivatives - 42 

derivatiyes 

are claimed to have insect 
^ ^ ^ properties. 



316 


Chalcone 

derivatives 

N-substituted o-carbamoyl 

oxime of chalcone are 

reported to exhibit a weak 

insecticidal activity. 


Chalcone 

H'" 

Toxicity towards summer 

eggs and adult females of 

Metatetra- 
nychus ulmi 


43 


44 


Chalcone , 
S -dichloride 
and DDT 


fruit tree-red spider mite . 


Female flies mortality is 


DDT resistant 45 
female flies 


Toxicity to Animals 


Fur an analogue 
of chalcone 

Markedly toxic. 

Rats 

30 

Hydroxy- and 

When all the hydroxyl 

Fresh water 

46 

m ethoxy- 


' fish 



chalcones groups (in the polyhydroxy- 

chalcone) are methylated, 
the toxicity increases « 


Tierbicidal Activity 

Ghalcone a) N-substituted o-carbamoyl ’ - 43 

derivative oxime of chalcone 

exhibits weak herbicidal 
activity, 

b) Pyrazolium salts of Lambs quarters 47 

chalcone are very effec- and mustard 
tive as herbicides. 


Fungistatic and Fungicide Activity 

Substituted 2 ' -Hydroxychalcone Mold and fungi 48 

chalcones 

sulphonio acid possesses a - 
weak antifungal activity. 
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Substituted 

chalcones 


Substituted Carboxylic and sulphonic 
chalcones 

acid derivatives of chalcone 


show fungi kl action. 


Substitute 
chalcones 
dihydro- 
chalcones 


COCH = CH-0 . 

' mint ho 



rim 

zae 


COCH 2 CH 2 ^.Iternaria 
iolani and 
jurvularia 
-unate (in 
»^itro ) 


Chalcone 


c) 2' ,4' -dihydroxy- 
dihydrochalcone , 

Exhibits an antifungal 

activity . 


Eungi 


Heterocyclic Puran and 8-hydroxy- 

analogues of 

chalcone quinoline 


c<-c hale one and Fungistatic activity is 
-2-furan 

analogue of associated with these 
chalcone 

compounds . 


2-Hydroxy- Exhibits an antifungal 

2 ’ -carboxylic 

chalcone activity. 


Action on Enzymes 

3?3',4-s4*- Efficient inhibitor of 

Tetrahydroxy 

chalcone liver xanthine oxidase 

activity. 


Fungi 


E .gr amine arum 
P .digitatum 
and 

B. allii 


Guember 

mildew 


Rats 


49 

17 

50 


1,3 

1 ,22 

51 

52 

53,54 
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3s4-Dihydro- 
xy-3'- 
carboxy 
chalc one | 

b) 3,4,4’- 
Trihydroxy- 
3 ' -carboxy 
chalc one 

a) Naringenin 
chalc one 

b) Hesperidin 
chalcone 

c) Coreopsin 

d) Phlorizin 

e ) Asebotin 


Some salicylic 
chalc ones 


Chalcone and 
furan analogue 
of chalcone 

/ 


Inhibits 5-hydroxy tryptophan 
d e c arb o xylat e 


Inhibitor of sodium- 
potassium dependent ATP- 
ase. The extent of inhibi- 
tion is dependent upon the 
number and position of the 
hydroxyl groups. The para 
hydroxylic function of 
ring B (phlorizin) is 
involved in the inhibitory 
action. 

Inhibits the aromatic 1- 
amino-acid carboxylases , 
(the standard for compa- 
rison is qC - methyl dopa). 

a) These compounds inhibit 
the activity of papain, 
and 

f 

b ) Inhibits cholinesterase 


Pig kidney 


Guinea pig 
kidney 


Papain 


55,56 


57 


58 


59 


55,56 


in horse serum 
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Various 
chalcones and 
dihydro- 
ch ale ones 


Eesorcylic 

chalcones 


c) Imuran analogue of chalcone 
has a marked ahility to 
inhibit the activity of 
enzyme dihydroxy-phenyl- 
alanine decarboxylase . 

2 ’ ,4, 4 ’-Trihydroxy chalcone Wheat root 
is a potent stimulator of 
indole acetic acid oxidase. 

It stimulates wheat-root 
growth , inhibits the absor- 
ption of sugars and of 2,4- 
dichlorophenoxy acetic acid 
and inhibits oxidative phos- 
phorylation and gives a 
distinct uncoupling effect. 

Inhibitory activity on L- 
dopa decarboxylase . 


60 


61 


62 





Anti-pen tic Ulc 


Isopentenyl- 
c hale one 


These compounds have proved 


63-67 


rat stomach ulcers . 
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Chalcone 

derivatives 

Useful in the treatment of Rats 

gastrointestinal ulcers . 

68-76 

Prenyl- 
oxyc hale ones 

Possess antipeptic ulcer Rat 

activity. 

77 

Prenyl 

chalcones 

Exhibit antipeptic ulcer Mice 

activity. 

78 

Hypo tensive /Ant 

i-hypertensive Activity 


2 ;, 4’ ,6’- 

I^'ihydroxy- 
chalc one 

Hypotensive property is asso- 
ciated with this chalcone . 

79 

a)<P-Amino- 
alkoxy 
chalcones 
and acid 
add it ion 
salts 

Compounds with antihyper- 
tensive properties. 

80-84 

h) N,N-I)isuhs- 
tituted-2- 
(<i>>-amino- 
all-coxy)-3’ , 
4* ,5’- 
trimethoxy- 
c hale one ■■ 



c) Reduced 
henzofirran 
chalcone 
derivative 



Indole 

analogues of 
chalcone 

Weakly hypotensive. - 

85 

2-D-(4- 

methyl-1- 

Hypotensive action. 

86,87 


piperazinyl ) 
propox3r-4'- 
iiiethyl(an.d 
4'-chloro)} 
chalcGne hydro- 
chlorides and 
related 
compounds 
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4--Aminohalo- Hypotensive activity - 49 

genochalcone 

(v;ithout a ■ 

2 '-hydroxy 
substituent) 


Antitumor Activ ity/Cytotoxic Activity 

2,4,4'- Antineoplastic action on Mice 

Trihydroxy- 

chalcone and Ehrlich's ascitic sarcoma 

2',4,4’,6'- 

tetrahydroxy- in mice, 
chalc one 


<^0 


Hitrochalcones , These compounds show 
having nitro 

group in 2- cytotoxic activity, 
(and 2' ) and 
4-(and 4'-) 
positions 


Tested against 89 
normal and 
Rous virus- 
transformed 
hamster fibro- 
blasts 


Isothiocyanato 4“Hitro-3'-isothiocyanato- HeLa cells 
chalc ones 

chalcone is the most active 
compound in respect of 
cytoxicity and cancero- 


Uvaretin (a 
dihydro- 
c hale one from 

tivaria ' ' 

acuminata) 


Uvaret in showed a anti- 


tumor activity -in; a lympho- 
cytio leukemia test^ 
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4^ ro Oi * -- 9 : 
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"'lavonol 
erived from 
' -hydroxy-2 

* ,5' s6,6'- 
pentamethoxy 
c halo one 


Potential antitumor compound 


Choleretic/Hypocholeretic Activit 


a) 4,4'“ These compounds exhibit a 

Pihydroxy- 

2'“methoxy greater activity then the 
c hale one 

currently used choleretics 

b) 2’ ,4,4'“ 

Trimethoxy- 

chalcone 

(vesidryl) 

a) 5'“iTitro- Possesse choleretic 
4'“hydroxy“ 

2“methoxy effect in vivo. Compound 
chalcone 

(a) has the highest 


choleretic effect 


3 ' -Nitro- 
4 ' -hydroxy' 
2 53-dime- 
thoxy 
chalcone 


5 ' -Nitro- 
4 ‘ -hydroxy' 
2 ,5-dime- 
thoxy 
chalcone 


Hsrpocholeretic action 


2 44 ' ,6 ' - 

Trihydroxy 



323 


R^= 2 -Morphi- 94 

no ethyl 
sulphate 

h) E=R^=R2=H? 

R2=CH2C00H 

Pyridine Choleretic property. - ‘ 95 

analogue of 

chalcone 
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Bis (Phenyl- Potential spasmolytic 
alkyl) amine s- 
the catalytic compounds, 
reduction 



products of 
chalcone 02? 


Licurzid 

(chalcone) 



Active 


98 


99 


H 



fer; 




wm 


1FR' = >; Me 




*1 






100,101 


102 
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Anti -inflammatory Activi'ty 

Substituted - _ 

c hale ones 

5-Cinnanioyl - - 24 

salicylic acid 


Analg!;esic and Sedative Action 

Substituted - 49 

c hale ones 

5-“(4-chloro- Analgesic effect is similar - 24 

cihnamoyl)- 

salicylic to that of aspirin, 

acid 


Ant ithrombio Aot ivit y 

Substituted - 

chalcones 

Plavone Potential antithrombic 

derlyed" from 



Capillary Pragility 


Various Restore capillary Guinea pigs 

chalcones 

resistance . 


49 

103 


104 


526 



fragility and also effects 


venous circulation. 

Ohalcone and These compounds effect the Mice 106 

hesperid in 

methyl fragility of capillaries 

c hale one 

present in the inner 
surface of the abdominal 
skin. 



-Aminoal- Coronary vaso dilatory 
koxy 

chalcones properties are associated 

and acid 

addition with these compounds, 

salts 



Seduced 
henzofuran 
cha leone 
derivatives 


82-84, 

107 


Mecinarone (a 
be nz of uranic 
c hale one) 
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Vasodilatory activity (on Experimental t08 

animals 

the peripheral and cere- 
bral circulation), 

Pyi'idine Coronary vasodilative - 95 

analogues of 

c h ale one pro pert ie s . 


Estrogenic A,ctivity 

2 ’ -Hydroxy (and These compounds produced Mice 
2 ’ -chloro )-3 ,4 

-methylene uterotropic effect, 

dioxy-4' -fluoro 

-chalconesj decreased the weight and 

and 2'-chloro- 

4,4'-difluoro- size of the testes and 
chalcone 

seminal vesicles and 
inhibited implantation in 
the mouse. 


4,2',4*-Tri- Estrogenic activity (?) Rats 

methodychalcone 

epoxide and 

4“methoxy-2’ , 

4 ' -dibenzoyloxy 

chalcone 

epoxide 


109 


110 


Anesthetic Activity 

Pyrazole It has some local anes- - 111 

derived from 

4-dimethyl thetic activity, 

amino chalcone 


Anti coagulating Effect 

2 ’,4*, 6’- Anticoagulating properties. 

Trihydroxy 

chalcone 


79 
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An-ticon-Vulsant/Narcotic Potentiation Activity 

5,4-Methylene It has proved effective as - 112 

dioxychalcone 

anticonvulsant I and also 
shows narcotic potentiation 
activity. 


Therapeutic Aptivity 

Cyanomethyl- These compounds are claimed 

chalcones 

as valuable medicinal agents 

for cardiovascular diseases 

and endocrine dysfunctions . 

Hesperidin It exerts therapeutic action 

methyl carboxy 

chalcone in the treatment of chronic 

diseases of the eye and 
kidney including rheumatoid 
diseases like bursitis and 


osteoarthritis. 

Hesperidin The compound, when incor- Cotton rats 

methyl 

chalcone porated in diet (0,2^), 

shows an inhibitory effect 
on the incidence of 
dental caries. 


Antiahgi o t ens i’n/Ant iarrhyt hmic/Piure t ic Act iv ity 

Heduced These compounds possess 

benzofuran 

chalcone antiangiotensin, antiarrhy- 

derivative (cf , 

spasmolytic thmic and diuretic 

activity) 

activity. 


113 


114 


115 


85 


I 
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Miscellaneous Biological Activities 

Chalcone, 2- These compounds are able 

hydroxy 

chalcone? to protect adreline from 

2 ' ,3 -dihydroxy 

chalcone and destruction (vitro), 

hesperidin 

chalcone 


Isolated strip 116 
of intestine 


lialkylamino Potential adrenergic - 

alkoxy deriva- 
tive of blocking agents, 

chalcone 

Aminoaza Adrenal cortex inhibitors Hats 

chalcones 


117 


118 



Suprarenal gland inhibitors Rat 
enone type, 
ese compounds 
CH =CH R tive than 


R=2- 

pyriuyxi 

R=ph I 4-NH- 

(Me)C6H^ or 

R=4-N(Me)p- 

Substituted The most potent compound in 

chalcones 

respect of pharmacological 
activity is 2(2-dimethyl- 
aminoethoxy) chalcone, but it 
does not compare with the 
available therapeutic agents 
in specificity, potency and 
duration of action. 


122 


119 
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Licurzid 
(chalcone ) 


■HP 


2- [[2-dimetIa;;^l 

3 ', 4 ', 5 ’- " 

trimethoxyj 
chalcone 
hydrochloride 


a) Reduces stomach 
motility. 

h) Inhibits evacuation of 
water from, stomach to 
deudenum. 

c) Inhibits development of 
exudative processes in 
the inflammation and 
prevents development of 
neurogenic and buta- 
diene stomach ulcers. 

a) This compound is an 
effective and long 
active depressor agent . 

b) There is an electro- 


Rats and Mice 


Bogs ''and rats 


99 


120 


lytic alteration between 
blood vascular smooth 
muscles following 
treatment with the 
chalcone. 

Sulphur containing Biological activity - 121 

derivative of 
chalcone, viz, 
gfC0CH2S-CgH^Cl, 

obtained by the 
interaction of 
the chalcone 
epoxide with 
thiol 



331 


Action on Spermatocytio Chromosomes 

2' ,4'- The rejoining of broken Grasshopper 123 

Ginydroxy 

chalcone ends of chromosomes and 

chromatids is accelerated 
by the addition of chalcone. 


Decrease in the Incidence of Blood Spots in Chicken Eggs 



124 

125 


Plant Growth Inhibiting Activity 

3,2',4’- 
trihydroxy~4“ 
methoxy- 
dihydro- 
ch ale one 


Q/ 

Triticle 

A 


126 


Inhibitory effect on the 
growth of plant-triticale 
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Synthesis s 

Siooxy derivatives of chalcones, and their heterocyclic 

a-nalogues, viz., thienyl, selenc^feenyl and pyridyl, have heen 

prepared by the following methods - 1 

i) By -Darzens condensation of aldehydes with haloacyl compounds, 

11) By the oxidation of chalcones and their heterocyclic analogues 

with alkaline hydrogen peroxide. This method has been 

exploited for the synthesis of the epoxides derived from 
2 

vinyl- and o-methoxychalcones . 

Reactions s 

A review on the reactions of substituted chalcone epoxides 
has been published,^ 

. With Toluene ; 

Briedel-Craft alkylation of epoxychalcones with toluene, in 
presence of anhydrous AlOl^, is reported^ to yield indenes (I). 






7 

With Thiophenols atid Thioalcohols i 


The following example illustrates the tjrpes of products (17, 
V and VII ) formed in the reaction of chalcone epoxide with thio- 
phenol. An analogous reaction occurs with the thioalcohols, 


?hCH2SH o 



PhSH 


0 

(II) 


— C> 0-CH-CH-CO0 

^ L 

OH S0 
I (III) 


0 SGH 2 CO 0 + 0CHO 
(IV) (V) 


0-CH 


- C(S0)CO0 
(VI) 


0 SCH 2 CO 0 + 0CHO 0Ch£cH(S0)CO#2 

(IV) (V) (VII) 

With Amines^ ^ s 


2 

Several amines, R H, react with chalcone epoxides to yield 

p 

R-GgH^COCH(OH)CHR -G^H^R' . The amines used in the reaction axei 
pyi'idine, morpholine, H-methylaniline , diethylamine , henzylamine 
and pi-tolylamine . . 

5 6 

With Hydroxylam.ineg * s 

Isoxazoles (VIII) are produced hy the interaction of 
chalcone epoxides and hydroxylaminer. • 



(R =Me, Ph) 


(VUl) 


With Hydrazines ; 

Substituted chalcone epoxides are reported to react with 

5 5 Q-'i -] 

hydrazine ’ ’ or its substituted derivatives to yield 3,5' 



R^NHNH 






.4 


= Mq,H; R V H, M(2 0;R^=H, 0;C5H3(NOo) 


•4' ;Tt<- 


2^2 


2-Phenyl -'benzimidazole (l O^S) has been secured by the 
reaction of £-phenylene diamine with trans chalcone epoxide.. 


Reducing Agents s 


Trans -chalc one epoxide on reduction with lithium aiuminium 

, 13 ■ ' ■ ' ' 

hydride gives the mixture of erythro -l .,3-diph6nyl-1 ,.2-propandiol 
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and 1 ,3“diphenyl-1 ,2-propandiol. The same products are 

produced when trans -chaloone jis catalytically hydrogenated over 
1 3 

?t 02 » - 2'-'benzyloxychalcone epoxide on treatment with or 

LiAlH^-AlCl^ (1 s7) is reported"*^ to yield trans --2,3- cis -3 ^3- 
flavandiol (S). However, the epoxide of 2'-methoxymethoxy chalcone 
under these conditions, gives a mixture of two isomeric diols (X) 
and (XI), th-e former predominating? 






( 



Chalcone and 1 ,4-di'benzoyl-2,3-diphenyl‘bu' 
when chalcone epoxide is reduced by chromous chloride. 


are produced 
15 


Acids 


With HGl ? 

The kinetics and mechanism of the cyclisation of 2*-hydroxy- 

chalcone epoxide to the 3“hydroX3?flavanone in water has been 
1 A 

investigated. The treatment of 2'-(4-ni-ethoxybenzyl)--4, 4'- 

17 

dimethoxychalcone epoxide with HCl in acetic acid is reported to 

give tram 3~hydroxy-7»4’“dimethoxyflavanone, On the other hand, 

trans 4' -methoxychalcone epoxide on treatment with HOI furnishes 

TB 

the corresponding chlorohydrins . The chlorohydrins have been 
found by N.M.R. Spectroscopy to correspond to threo and erythro 

■ .-1 Q , ■ ■ ■ 

configurations respectively. Under the same conditions. 
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-nitrochalcone/, however, yields only one isomer,^® viz. 


Several chlorohydrins 


and threo ) have been synthesized. 


19,2 


The reaction of hydrazine with several chlorohydrins have been 
studied 


With Iry HCl in Ether: 




The treatment of 4'“methylchalcone^ with dry HCl in ethereal 
solution yields 1 -(]^-tolyl)-2-hydroxy-3-chloro-3-phenylpropan-1- 

21 _ nn L -• J> !. 4 ^ ( X> o yn ri P* ^ OKI +.'h< 


one . 


The effect of various functional groups (R and R' ) on the 



R' = >162^, 


MeO , 0CH2O 


0GH2O 



2~Wi trochaic one epoxide (XII) reacts with ethereal hydrogen 
chloride to yield 6~chlor-1 ,3~dihydroxy-2-phenylquinolin“4“(1H)- 

one^"^ (XIII). The same reactants in the loresence of quinol, gives 

23 

the unchlorinated product (XIII, R = H). 
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I 

■I 


The mechanism of this reaction can be rationalized as 



group can be reduced to hydroxylamine group before cyclisation 
can occur, Quinol serves this purpose, and the unchlorinated 
product (XIII, E = H) is thereby obtained. However, hydrogen 
chloride acting alone can cause reduction by insertion (at 
position 6) of chloride ion into the original nitropbenyl nucleus 
(XIII j E = Cl), 



Substituted 2'-benzyloxychalcon.e epoxides react with HCl 
saturated ether to yield either chlorohydrins or flavon-3-ol (or 

p 

both) depending upon the value of CT" (the substitution constant 
of the substituent in ring A, Treatment of the epoxide of 2’- 
benzyloxychalcone analogue-containing condensed rings and or 
heterocyclic ring system, with HCl-Et^O yield the chlorohydrins. 


With Dilute Sulph\3ric Acid in Methanol 


mixtures of (XIY) are produced by the 


Three and 


’ '-TTi A+.h n’V’xrm *1 


interaction 


dilute 


0CH20Me 

C- CH (OH)CH (OMe)-(O 
A (XIV) 4 


ulphuric aci<r^ 


H2SO4— McOH 


obankin 


COCH (OH)CH (OMe) jzS 
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Racemic 4' ,5 jT-tri-O-methylaromadendrin and 3 ' ,4' ,5 jTrtetra-O- 

26 

methyl taxifolin have heen prepared in an analogous,;]mnner . 
With Ethanol-HCl s 

2’-Benzyloxychalcone epoxide and 2'-'benzyloxy--4-methoxy- 

chalc one epoxide exhibit a contrast in their behavioijr towards 

ethanoIic-HCl. Thus , in the presence of ethanol-HCl, the former 

27 ' 

epoxide undergoes cyclisation to give 3-hydroxyflavanone. In 
this example the benzyl group is split off earlier than the 
cleavage of the oxirane ring and the 2’-phenolate ion foimed 
attacks the ^ -carbon atom,^"^’^® and thus effects cyclisation to 
3-hydroxyflavanone, On the other hand 2 * -benzyloxy-4-methoxy- 
chalcone epoxide, reacts with ethanol to give 2 ' -benzyloxy-4- 
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methoxy- :\-hyclroxy- /^-ethoxy-dihydrochalcone (XIV-A) , Treatment 
of (XIV-A) with HCl results in the formation of 1 -(2-henzyloxy- 
phenyl )-2-hydroxy-3-chlor o-3 (^-methoxyphenyl ) -propan- 1 -one 
(XIV-B) 

With Boron Trifluoride Etherate s 

5-suhstituted chalcone epoxides react with BP^-Et20 

cxy ^ 1 g 

(including HGl) to give different products viz., fla^^nol, 
isoflavone^^ or chlorohydrin^ ^ depending upon the Hammetts 
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2 ' -Tosylchalcone epoxide|on. treatment with EB’^-Et20, a mixture 

^ 2Q r , 

of 3-hydroxy flavanone and flavonol, on the other hand, 6 - 




The addition of methanol to chalcone epoxide is reported 


f. n +,h a aniiat ion 


addition product 


With Alkalis s 


2 ' -Tosylchalcone epoxide (XVII? R = H) with caustic alkali 

^ pq o 

in methanol is reported to give flavonol, while on the other 

hand 2’-tosylH^’-methoxychalcone (xyili R - OCH^) at room 

h 



fluxing solvent , yields 4-ia6thoxyaurone 


temperature or 
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31 

With Stannous Chloride s 

2-Methoxychalcone epoxide (XVIII) is reported to yield 1-(2- 
niethoxyberizoyl)-2-phenyl“ethylene chlorohydrin (XIX) when the 
benzene solution of the former is reacted with stannous chloride. 
XIX is transformed by heating (H0-150°) into an << -diketone or 
into a diol by hydrogenation over Pd-C catalyst. Under the same 


conditions, XVIII gives a ketoalcohol. 


Based on kinetic experiments the following mechanism has 
'hAon T'A-nnr'+.pfl^^ fnr +.he rina' n-nenins of chalcone euoxidess 

' 




Quantum chemical methods 


+.ViA P.l an 


substituent (B 


carbon atom 


it has been 


that oxirane ring of chalcone epoxides exert an 


demonstrated 


electron withdrav/ing influence on the carbonyl group and thereby 


deorsafip. i ts basi oitv. 


356 


Conformations 


The conformation of chalcone epoxides has been derived both 

from spectroscopic studies ® as well as from dipole moment 
37 

measurements . Thus a conjugated cisoid conformation, in the 
solid state as well as in CCl^ solution has been reported for 
2 '-benzyloxychalc one epoxide. The gauche conformation^^ is 
adopted in solid pha§e by thd epoxides of chalcone, 4,4’*' 
dimethoxy chalcone and 4,4’-^dichlorochalcone , which however , 


changes in solution (chloroform/carbon tetrachloride) to a 

+ V,Ct 


cis mixture 


Based on the dipole moment studies the following 



to exist probably as an equili 


chalcone epoxides are reported 


brium mixt’ 




solution 


The absolute configuration of chalcone epoxide, based on 


eh6Diica.l correlation, has appeared in literature. 
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CHAPTER - 18.2 

CHAIiCOHE *( S P -PIBROMIPES 



Reaptions s 

The reaction of substituted chalcone dibromides have been 
studied in considerable detail. Thus under varied experimental 
conditions the following types of compounds have been obtained 
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from chalcone dibromides viz., flavones , 
flavanon.es ,30 aurones^ s8 ,10,1 1 ,22 ,24-26 


flavonol,^"^’^® 
b e nz 0 ylc 0 umar one s 


.y; -bromochalcones,22’51 tetralones aziridines5>23 


12 


Synthesis of Flavones'* ; 

Plavones have been secured either by the pyrolysis^ of 
o-hydroxy (or o-acetoxy) chalcone oC , ^ -dibromides or by their 

reaction with alcoholic alkali, ^’^-13 sodium methoxide,^ 

^ 5 2 *1 

p^rridine ’ or potassium cyanide. The latter reaction has 

3 

oeen utilized for the synthesis of naturally occurring flavones, 
containing a phloroglucinol nucleus, viz,, chrysin, apigenin and 
luteolin. 


0 


In the conversion of _o— substituted chalcone dibromide into 



under the influence of a base, the 


C(0M(2) = CHC0Ar 


HBr-AcOH 


C0CH2C0Ar 


CHCOAr 
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The formation, of flavone from 2 '-hydroxy-3-n.itrochalcon.e dibromide 


8 

;.has been rationalized in the following ways 


,0H 


' 0 ' 

li 

0 


^CHBr 
CHBr 






s dehydrobromination and cyclisation. Nuclear* substitution in this 
case is not feasible since the probable position of entry of the 
bromine is already occupied . Utilising this reaction some 
substituted flavones have been synthesized. 8-Nitro -7-hydroxyl- 
favone has. been prepared in the aforesaid manner. The isomeric 

compound viz,, 5-hydroxy-6-nitroflavone, however, can be 

IS 

prepared as follows s 




1 5 

ethanolic alkali, it has been demonstrated that steric effects 


do play an important role. Thus flavone derived from chalcohe (la) 


.^,is obtained in 89?^ yield, while the flavone from chalcone (Ib) is 



secured ia||(||krelatively low yield (46^) 


CHBr — CHBr 


In this reaWion, aurone is also formed, but in smallWemounts 


13 


A mixture of 2V'-hydroxy-5'-methyl-4-methoxychalcon6 bromide 

p'Z ■ ■ ■ 

(II) and 2' -hydroxy-5 '-►methy] chalcone (III) is reported to 
react in the presence of pyridine leading to the formation of 
cross brominated products (IT and 7)2 



1 




Auroae3^''?.8.''0,11.22.24,25,26 . 

2 ' -Hydroxy-4-iiitrochalcoii6 diToromide undergoes ring 

cyclisation under the influence of alkali, to yield the corres- 

R 

ponding aurone. The following mechanism has "been advanced for 
this reactions 





gets protonated and the aurone hydrohromide (7II) loses a 
molecule of HBr to form the aurone (yill). 


..7 . 

I’lavones are generally obtained from 2'-acetoxychalcone 
dihromides and dichlorides, having a substituent in 6 ’“position 
Aurones, however, are formed when the dihalides carried 


36? 


1 

# 


substituents both in 3'- and 6 '-positions Apparently steric 

7 

effect plays an important part in the formation of aurone . 

Aurones are produced along with flavones in the reaction of 


chalcone dibromides with alcoholic potassium cyanide^^ or dilute 
alc^olic alkali.^’"’®*'''' jbe ratio of aurone to flavone in the 


- 10.11 . 




with increasing conce|fea- 

^ « -19,11 


McO 0 

(IX) I 8r; R'=:H,0M(2) 



.CBr=CH0 


MgO 0 


(XI) 
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The intermediate o( -teomcchalcone (rn ■ 

isomerism j+c. +y, ^ exhibits 

It trass iaomer oyoliaes more reaailv t 

ponding aurone" in ™aaily tc 

in the presence of base . 


geometrical 
ihe corres- 




IS illustrativa^^o * ^^ollowing exampj 





2,4 - Dihydroxy- 2 - benzoyl -Couma 


' t: 


IS postulated^ 
^^omine atom with 


it; we aqueous-acetone 
hydroxyl function and 


i^iydrogen 
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]?lavan.one,s s 


Treatment of 2 ' -acetoxy-4^6 '-dimethoxychalcone diloromide 
v/ith acetic acid results in deaoetylation, debromination, nuclear 
bromination and the formation of 2 ’-hydroxy-3’ -bromo-4, 6- 

PQ 

dimethoxychalcone (ZIV) and not (ZV) as was previously reported^*^ 




(XV) 



OH / Pyri dine 



GMe 




uJ',' 


Sirddes can be transformed into a variety of products , viz^ 
-bromochalcones^^^*^^ aziridines^' and aminoflavanones.^ - 
bromochalcones"^ are obtainable by dehydrobromination of chalcone 


ditoomides brought about by alcoholic potassium hydroxide . - 
ohloroohaloones . however, oaa be obtained by dehydroohlorination 
with potassium acetate in absolute ethanol, 

Ihe preparation of aminoflavanones (XTIII), via the azlridine 




Chalcone dibromides have bean utilized as starting 
materials for the preparation of 2-aryl-1-t6tralone^5 (ZIZ) by 
the following sequence of reactions 
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COCH Br-CHBr-R 2 r. COCH2 CH (CN ) 

R'C0CH2CH (COOH)R^ _Zn-Hg/HCl ^ 


R'CHj CH2CH (COOH) r 2 ■ POCI3 


0 





arc aryl groups) 


According to a patent, the synthesis of henzalacetone^'^ hai 
oeen effected by the reaction of chalcone dibromide with alkali 
Ec^captide . 

— rn — n( _jNa/MeOH, PrSH , 

-r? ^ -^^^CH = CHCOM 


Aziri dines have been prepared by reacting R'NH^ (E' = H, Me 
Bz) with 4-nitrochalcone dibromide The following mechanism 
^^tulated^^ to be involved in this transformations - 7 ;’“ 

^ i i « i n - % K \ r\ ^ ina^ / ir»U<;V.W 






RC6H3CH(C00H)CH2C 


Treatment of dihromnnha.i 


T'a-zina hvdrate yields 


NH2NH2 


NH2NH2 


3 , 6 “diph( 2 nyi 

pyrcizolc 


tion with Halogens. Alcohols and Potassium Cyanides 


RC6H3 (CHX) 2 C 0 <t) 

(R - CH2O2, 

X =Cl,Br) 


R’OH 


RC 5 H 2 X(CHX) 2 C 0 0 
RC6H3CH(OR)CHXCO0 
RC5H3CH (CN)CH2CO0 

Hydrolysis 
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39 

Sodium Azide s 

2 ’-hydroxy (and 2 ’-benzyloxy) ohalcone dihromides are 
39 

reported to react with sodi-um azide, leading to the formation 
of o(“3'2idochalcones. 


Cleavage of ^ -bromoc hale one with HBr and Oxygens 


£>( -Bromochalcone (obtained by the dehydrobromination of , 

^ -dibromochalcones ) is reported'^^ to react with HBr and oxygen in 
petroleum ether, yielding benzoic acid. 4' -Methyl-o»( -bromochalcone 
yields p-toluic acid on similar treatment. These two examples 
illustrate a novel cleavage reaction, brought about through the 
oxygen effect . 
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Many loatents have appeared in the literature describing 

the usefulness of chalcones and their derivatives. Thus these 

1-20 21-40 

find application as artificial sweeteners, stabilizer 
against heat, visible light, ultraviolet light, ageingi colo^3r 

photography,^^ scintillators,^^ polymerisation catalyst 

70 71 

fluorescent whitening agents, organic brightening additives 

etc. 


,72 


I 
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1-20 

Sweeteners ; 

-] 

Chalcone derivatives, viz., Dihydro chalcones and their 

corresponding glycosides have heen employed as food sweetening 

agents. Dihydrochalcone xylosides and galactosidef ’ for 

example, are claimed to he 1,5-2 times sweeter than saccharin. 

Incorporation of cylodextrin with the sweetener-neohesperidin 

6 7 11 

dihydrochalcone, ’ is reported to stabilize its aqueous 

5 8 9 

solution. The preparation of a mixture of glucosides * ’ 

(mono-, di-, tri-, tetra- and penta) of hesperidin dihydro- 

4— 

chalcone^ has heen described. 3,2' ,4' ,6'-Tetrahydroxy-4- 

1 2 

propoxy-dihydrochalcon6-4 ^ ' -neohesperdoside has been used as 
a synthetic sweetener and is 2,200 times sweeter than glucose. 

Stabilizers i 

2 * ,4- Dihydroxy-3 , 5-di -ter t. butylchalcone has been 

21 22 

employed as an oxidation inhibitor and stabiliser to 
polyproplene polymer. 

Hydroxy chalcones form the starting material for the 

preparation of hydroxyflav ones which serve as antioxidants for 

23 

lipoid material. 

Chalcone is a natural constituent of beer and plays, in 
combination with other polyphenols, an important role in its 
stability, 

Chalcone forms the constituent of corrosion inhibiting 
25 

lubricants suited for internal combustion engines containing 

' ' ' ' '■ ■ '''■■'Pfi 

silver and similar metal components. According to one patent 
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the efficiency of lubricant additive is retained hy incorporation 

of chalcone, otherwise it is diminished "by reaction of the 

additive with olefinic components of "base oils or grease. 

The incorporation of 2 * ,4,4' -trimethoxy chalcone into pulp 

sheets (on which pesticide was absorbed) helped in retarding the 

27 

air degradation, 

28 

It has been reported that the addition (upto 5^) of 
chalcone to poly (dimethoxysiloxane )- the silicone dielectric 
fluid, for impreganation of capacitors etc. improves its 

QQ 

dielectric life. Chalcone'^^ and ^ -(benzoyloxy)-2 '-hydroxy- 

30 • • ■' 

chalcone have proved to be good light absorbers and. heat'-' ' 

stabilizers for polymeric materials, viz., polymethyl metha- 

.^^iy^ ci'^l^ate f ilk arid PYC resin sheets. Organic esters having 

chiticone type skeleton, viz., RCgH^(OH)GOCH=C(OOCCgH^)CgH^ 

-1 31 

where R=Br or HJ have been employed for the aforesaid purpose. 

Incorporation of 0.02-5^^ chalcone is claimed to prevent 

32 

discoloration of jaicrocrystalline petroleum waxes and 
35 

polymers (halogen containing polyvinyl compounds) exposed to 

34 

sunlight. Likewise polyolefins are stabilized against light, 
heat as well as ageing by adding small amount of chalcone. 

Chalcone has been described to possess uv absorption 

35 36 

property and hence finds application as uv absorption filters. ’ 

Chalcone serves as a suitable ultraviolet absorption 
37 ■ ' 

additive in adhesives, lacquers and plastics. - - 
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A non-irritating pr^aration containing 1-5J^ chalcone, for 
38 39 

the protection ’ of skin from sunli^t, has heen patented. 

40 

It is reported that the properties of cellulosic 
material are improved with ionization radiations in the presence 
of graftahle organic finishing agent, consisting of chalcone and 
a sensitizer. 

Photosensitive Materials ; 

22 41~47 

A number of chalcone. derivatives * form the principle 

ingradients in the preparation of photosensitive polymeric 

42 

material, some of which possess good film forming properties. 

Photocross linkable copolymers^ are used for the prepara- 
tion of sharp relief inmges and printing blocks, printing of 
multilayer circuits. The printed image in the latter case is 
claimed to be of high edge sharpness. 

Light sensitive preparations useful for printing plates 

50-5 *5 

of improved sensitivity and resolution are described"^ which, 
for example, involve the reaction of 4'-(2-hydroxyethoxy) 
chalcone with stjrene-maleic anhydride copolymer under appro- 
priate conditions. 

54 

Another light sensitive resin has been reported which 
possesses good characteristics in respect of adhesion, toiaghness , 
alkali resistance and stability towards oxidation. The resin 
has been obtained by heating 3»4*-dihydroxychalcone with an 
epoxyresin in a suitable solvent, in the presence of alkali. 
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Chalcone , ^-isocyanatq^halcone and furan analogue of 

chalcone have proved useful in the preparation of light 

sensitive film used in colour photography.^^ Chalcone is also 

56 

used in the preparation of photo-thermographic emulsion, 

57 

4,4“Diphenylaminochalcone ' and 4 ,4* -bis (diphenylamino) 

58 59 

chalcone * have been used as constituents of a photoconducang 

composition for \ise in electro-photographic products. 

Photographic silver halide emulsion spectrally sensitized 

fin 

with carbocyanine dyes, can be supersensitized” with some 
chalcones, viz., 2’ (and 4' )-chlorochalcones. 

Polymers ; 

Pihydroxychalcone has been used^”*^^^ for the preparation of 

uncured epoxyresins. 4,4’ -Pihydroxychalcone forms the component 

63 

of a duroplastic mixture, which possessess good mechanical 
properties and a high thermal stability. 

Methacrylo*yloxychalcones are used as cross linlcing 
agents^^ in the preparation of butyl acrylate-styrene copolymers, 
which are claimed^^ to be useful as lacquers. 

Scintillators t 

2,4,6-Trisubstituted pyridines, derived from chalcones 

and formamide (leuckart reaction), exhibit extremely intense 

05 ^ 

fluorescence and could be used as '■.scintillators. 
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Analytical Reagents ; 

Chalcones react with a number of metal ions and are 
66 

reported to be more reactive than the aldehyde or ketone from 

which they have been prepared. This reaction has been 
67 + + + 

exploited for the detection of Pe (limit of identifications 

0.33”^/0,05 ml) by 2' ,4’ -dihydroxychalcone, provided the concen- 
tration of interf erring ions is kept at a minimum. 

Miscellaneotis Applications ; 

Polymerisation Catalysts. Fluorescent Whitening Agents and 
Organic Brightening Additives s 

Chalcone is reported^® to form a component of a poly- 
merisation catalyst designed for obtaining a highly crystalline 
polyolefinic polymers, viz., polyacrylates, in high yields. 

Chalcone sulphonic acids serve as intermediates in the 

70 

preparation of fluorescent whitening agents, Chalcones have 

71 72 

also, been employed as organic brightening additives. ’ 
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1 , 4 -addition 

Adhesives 

Air degradation 

Aliphatic nitriles 

Alkali metal horo hydride 

Alkali sulphide 

Alkaline hydrogen peroxide 

Alkaline hydrogen peroxide oxidation 

Alkaloids 

Alkylation 

Allyl alcohols 


Alumina 

Aluminium chloride 

xiluminium chloride-sodium chloride 

Aluminium isopropoxide 

Amherlite 

.Ami dines 

Amid ine -hydrochloride 

1,2-Amino alkoxychalcone and its acid addition salt 
Amino a zac h ale 0 ne 
u.? -Aminohenzenethiol 
-xlminochalcone 
4- (and 4'~) aminochalcone 
1 -Amino-1 ,3-liphenyl-3~propanol 
2-Aminoethanethiol 
Aminoflavanone 
4-Aminohalogenochalcone 
Amino magnesium compound 
Ammonia-amalgam 
/immonitim sulphide 
Amorphigenin 
Analytical reagents 
Anhydrous aluminium chloride 
Aniline 

1^' -Aniline -benzy lace tophenone 


Anthocyanin 



Ant i -c onf ormat ion 

Anti-S -cis conformer 

Ant imo nj p ent ach lor id e 

Antimony pentachloride test 

Antioxidants 

Apigenin 

Aromatic acids 

Aromatic l-sunino acid carboxylase 

Aromatic thioamides 

trans -l -•i'kryl-2-aroyloxyethylene 

/iryl benzyl ethanolamines 

^ -Arylchalcone 

Aryl copper 

Aryliodine 

2-Aryl quinolines 

Arylselenols 

2-Aryl-1 -tetralone 

Arylidene bis urea 

Asebotin 

Aspirin 

Aurones 

Aurone, cis - and trans 
Autoxidation 
Azafluorenones 
Azepine derivatives 



-Azidochalcone 

Aziridine 

Azoles 


Basicity 

Bathochromic shift 
Beckmann, rearrangement 
Benzalacetone 
Benzalacetophenone 
Benzaldehyde 

3 -B e nz omi d o -3 -ph enylpr op i oph enone 
Benzenethiol 

Benzoftiranones , diastereoisomeric 
Benzoic acid 

Benzoic acid, substituted 
Benzils 

5 ,6-Benzochromanones , substituted 

Benzophenone 

Benzoins 

Benzonitrile 

2-Benzhydryl-3-hydroxy“3,^ -(biphenyl propionic acid 
Benzhydryl sodium 
Benzoyl acetic ester 
Benzoyl chloride 
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Benzoyl coumarone 

3-Benzoyl-4“keto-1 j2 ,6-triphenylcyclohexane nitrile 

•;< -Benzoyl- 0 -phencyclopentanoylethane 

"k -Benzoyl- j?' ~phenyl-3-iiiethylcyclohexanoylethane 

2-Benzoyl-3 5 4,6-triphenyl-2,3-lihy<3ropyran 

|3 -Benzoyloxy-2 ' -hydroxychalcone 

Benzylacetophenone 

Benzylamine 

Benzyl-£-tolyl sulphone 
Benzylic carbonium ion 
Benzylidene acetophenone 
Benzylidene his acetophenone 
2 ' -Benzyloxyc hale one dihromide 
2 * -Benzyloxychalcone epoxide 
2 ' -Benzyloxy-4 ,4 ’ -dimethoxy chalcone 
2 ' -Benzyloxy-4-niethoxychalcoiie epoxide 

2 ' -Benzoyloxy-4-methoxy-oL-hydroxy- j5 -ethoxy dihydrochalcone 

1 - ( 2-h6nzyloxyphenyl )-2-hydr oxy-3-chlor o (p-me th ox 3 rphenyl )- 
propan-1 -one 

Berherine 

Betaine like methylene triphenylphosphorane 

Bicyclic analogue of chalcone 

Bicyclic keto alcohol 

Bimolecular compounds 

Bimolecular products 

Bis adduct 



4 , 4 ’-Ms (diphenylamino) chalcone 
N,lT-bis (g4-phenaoylbenzyl) methylamine 
Boron trifluoride 
Brockmann' s alumina 
Bromination, nuclear 

Bromine addition to chalcone, kinetics of 
Bromine chloride 
Bromine fluoride 
^ -Bromochalcone 
-Bromochalcone 
4' -Bromochalcone 

3- Bromo-2 ' -nitrochalcone 

4- Bromo-2 ' -nitrochalcone 
?>C-Bromo-|) -ethoxychalcone 
.p^ -Bromo- ^ -methoxychalcone 

-Bromo “P -methoxy- p -phenyl propiophenone 
e^-Bromo- -propoxychalcone 
trans -q^^ -Bromomethylchalcone 
1 -Br omo-2-methyl-2-imidazoline 
IT-Bromomorpholine 
B-Bromosuccinimide 
Bute in 
Butin 

Tert . butyl hydroperoxide 
n-Butyl magnesium bromide 
Butyric ester 


Calcium hydride 
Camphor 

4- Carhethoxychalcone 

o/, -Carhethoxy- -phenyl- V-henzoyl butyric ester 

Car hind 

Carhocyanine dyes 

Carhonium ion 

Carbon monoxide 

Carbonyl stretching frequency 

Carbonyl ylides 

Carboxychalcones 

Carboxylic acid derivative of chalcones 
Catalysed oxidation 
Catalytic hydrogenation, PtOg 
Chaleo 1 
Oh ale one 
Gis -chalcone 
trans -chalcone 
Chalcone analogues of s 
Acridine 
Anthracene 
Benzochrotrene 
1 ,4-Benzodioxans 
Caffeic acid 


Garbazole 



Cymantrene 

Perrocene 

Puran 

8-Hydroxyquinoline 

Indole 

Naphthalene 

Phenanthrene 

Piperidine 

Pyr azole 

Pyridine 

Pyr i done 

Pyrrole 

Quinoline 

rxu p I J 

Thiophene 

Ohalcone complexes (1s1) 

Chalcone complexes with antimony pentachloride 

horic acid 
ferric chloride 

Chalcone derivatives 

Chalcone <?< , p -dihromides 

Chalcone ^ -dichlorides 

Chalcone^ , p -dichlorides, stereoisomeric 

Chalcone dimers 

Chalcone-2 , 4“<3initroph6nylhydrazone 



t-Chalcone epoxide 

^-Chalcone epoxide, absolute configuration, of, 

Ghalcone-flavanone isomerase 

Chalcone glucoside 

Chalcone glycoside 

Chalcone hydrosulphide 

Chalcone-metanil indicator 

Chalcone oxime, trans . 

Chalcone syn -oxime 

Chalcone phenylsemicarbazone 

Chalcone semicarbazone 

Chalcone sulphonamide 

Chalcone sulphonic acid 

Chalcone thiosemicarbazone 

Chalc ononar ingenin-4'-glucoside 

Chalols 

Chelation 

Chiral crystals 

Chlorine 

Chlorine thiocyanate 
A -Ch loro chalc one 

4- Ch loro chalc one 
2 ' -Chlorochalcone 
4 ’ -Chlorochalcone 

5- (4-Chlorocinnamoyl) salicyclic acid 
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2' Chloro-4,4’-difluorochaloone 

6-Ohloro-1,3-dihyaroxy-2-phenyl,ulnol 

Chlorohydrin 


in.-4 


(1H)-one 


Chlorohydroxychalcone 


4-0hloro-4 ' -hydroxy-5 ' -oarboxyohaloone 
^ -0hloro-/J-methoxy-/5 -phenyipropiophenone 
4-Chloro-5 ' -methyl-2-thioalhyi ohaloone 

3-Ohloro-2'-ni-troohaloone 


..-ohlorosulphcnyl-4,6-dlphenyl-2-oxo-3,5-dlhyarc-1 

Chlorosulphonylisocyanate 


,3 -examine 


Ch 0 line 3 ij erase 

Chromanones 

Chromenes 

Chromenochalcone 

Chromic acid 

Chromogenic reagent 

Ohr omophor ic group 

Chromous chloride reduction 

Chromous salt 

Chrysene 

Chrysin 

Cinnamic acid, substituted 
Oinnamoyl ch ale one 
5-Cinnamoyl salicyclio acid 
Cinnamoylidene acetophenone 
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4-Cinnamylidene-2 S-mroi u 

°y°lohexadi6n-i- 

j conformation 
Claisen-Schmidt reaction 

Cleavage of 
Cleavage reaction 
Clemmensen reaction 


■one 


Cobalt chloride 
Column chromatography 
Colour photography 
Colour reaction 


Complex metal hydride 


Ccmplexiog action of S.a'-hydroxyohaloone 
Complexometric titration 


on Sn Ciy) gaits 


Condensing agents 


Aluminium chloride 
Aqueous alkali 
Boron trifluoride 
Hydrogen chloride 
Piperidine 
Sodiim methylate 

Oonduotometrio method for the eetimatlon of copper 
Conformation 

Conjugate addition 

Conjugation 

Cordoin 



Coumapan-3 -one 

Coum£u?inochalcone 

Coumestrol 

Cross bromination products 
Cross linking agents 
Crystallography 
Cuprous chloride 
Cyano acetamide 
Cyanocobalt complex 

l-Oyano-g-methyl-s-asiinoethylene 

Cyanomethylchalcone ■ 

3-Cyano-4-phenyl pyridine 
Cyclisation 

Cyclisation of 2 ’ -hydroxychalcone epoxide 

Cycloaddition 

Cyclodextrin 

Cyclohexylamine-iodine complex 

l£a^-1-Cyclohexyl-2-phenyl-3-benzoylethylene-iiimiine 

Cyclopentanone 
Cyclopropane derivative 
Cyclopropenes, substituted 
Cystein 



Darzen's condensation 

Davidigenin and 4'-iiiethozy derivative 

Davidioside 

jDe acetylation 

Dell' o liiinat i o n 

lecarbethoxylation 

degradation 

dehydration 

dehydr obr oHiinat i on 

dehydrochlorination 

dehydrohalogenation 

demethylation, partial 

deoxybenzoin 

derricidin 

derricin 

deuterium isotope 

dialkylamino alkoxy derivative of chalcone 

<4; j3 -diaifiinobenzylacetophenone 

2 

3 ,5-diaryl-4“hydroxy-ki -pyrazoline 
diastereoisomeric diketones 
diazomethane 

dibenzalacetophenone disulphide 
dibenzaltriacetophenone 
1 ,4-diben2oyl-2 ,5-(2iph6nylbutane 

dibenzoylmethanes 



DiToenzyl diacetophenone 
, P -Dibr omochalcone 
4,4' -Dibr omo ch ale one 
3 ,5-Dibromo-2 ,2 ' -dihydroxychalcone 
1 53“Dibroirio-5 ,5 ' -diniethylhydantoin 
4' 55-Dibromo-2-hydroxychalcone 
U , N-Dibr omo sulph 0 namid e 
Dibu-tyl ether 

4 ,4’ “Dichlorochalcone epoxide 
Dichloroethane 

2,4“J)ichlorophenoxyacetio acid 
j3i c yc 1 0 h e xy Ipr opane 

3' 57 -Diethoxy- 2 * ,4' -dimethoxyisoflavone 
jjiethylamine 

2- Diethylaminoethyl mercaptan 

3 - Di 6 1 h y 1 ami no pr o py 1 me r o ap t an 
1 ,1-Di6thylamino-prop-1-yne 

1 5 1 -Diethyl“2-benzoyl-3-ph6nylcyclobutane 

Jiethyl-1 ,4-dihydro-2,6-diin.ethylpyridin6-3 , 5-dicar boxylat 

(see Hantzsch Ester) 

3' 57 -Diethyoxy- 2 ' ,4' “dimethoxyisoflavone 
9 5 1 0 -Dihydroanthracene 
Dihydrochalc one 
JJihydrochalcone galactoside 
.Dihydrochalcone xyloside 



Dihydro isoxazole 

Dihydro pyrazole 

Dihydro resorcinol 

4’ ,6-Dihydroxyaurone 

2 ’ , 4-Dihydroxy-3 , 5-tert . hutylchalcone 

3 .4- Dihydroxy-3 ' -carboxychalcone 
Dihydroxychalcone 

2,2’ -Dihydroxychalcone 

2 .4- bihydroxychalcone 

3 5 4-Dihydroxychalcon.e 
4 , 4 ' -Dihydroxychalcone 
2' ,3~Dihydroxychalcone 
2' ,4 '-Dihydroxychalcone 

2 ' ,4 ’ -Dihydroxy-dihydroohalcone 

2' ,4' “Dihydroxy-3' ,6'-diiriethoxychalcone 

2*54' -Dihydroxy-4 ' , 5 ' -dimethoxychalcone 

4' ,7-Dihydroflavanone 

4' , 7-Dihydro flavonol 

2’ 54'-Dihydroxy-3-niethoxychalcone 

2 ’ ,4 ' -Dihydroxy-6-iiiethoxychalcone 

2 ' ,6 ’ -Dihydroxy-4 ' -me-thoxy-3 , 5 ' -dime-thyl dihydrochalcone 

4 54 ’ -Dih3rdroxy-2 ' -methoxychalcone 

2 ' ,6 ' -Dihydroxy-3 ' -me-fchyl-4 ' -methoxychalcone 
Dihydroxy phenylalanine carboxylase 
2,2 * -Dihydroxy-3 5 5 ,5 '-'ti'iteoiaochalcone 



2’ j4“-i^ihydroxy-4' ,5' »6*-trimethoxychalcon6 
Dilcetones 

Dimeric mo no carboxylic acid 

Dimerides 

Dimer isat ion 

Dimers 

2.4- i)imethoxybenzoic acid 

4,4’-Dimethoxy chalcone 

4,4'-Dimethoxy chalcone epoxide 

4,4’ -Dimeth oxy- p -hydroxychaloone 

Dimethyl acetylene diacarboxylata 

4-Dim6thylaminochaloone 

2-(2-dimethylamino6thoxy) chalcone 

2- ( 2-dime thylaminoethoxy)3’ ,4' ,5'-trimethoxy-chalcone 
hydrochloride 

4-Dimethylamino chalcone 

01 -Dimethylaminophenyl acetonitrile 
4 ,4 ' -Dimethylchalcone 

5 , 5 ^-Dimethylcyclohexan-1 ,3-dione 

3 . 5- bimethyl-4“nitroisoxazole 
(_i) di-O-methyl pinobankin 
Dimethyl sul]phonium methylide 
Dimethyl sulphoxonium methylide 
gem- Dinit r 0 alkane 

2 s4-Dinitrophenylhydrazine 

2 ,4-Dinitrophenylsemicarbazide 
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Dioxoles 

3 ,5"j3iph6nyl-1 “acetaiiiido-2-pyrazolin.e 
4-Diphenyl aminochaloone 

2 j4-Diph6nyl-6 »7“henzo-1— ■fchia-5— aza-4 jS-cycloheptadlene 
Diphenyl heryllim 

2.4- 'Diphenyl--5 (or 1 )-iaopropyl-8 (or 6) methyl-9-keto-4- 
hydroxy-hicyclononane 

3 , 5 “Diphenylisoxazoline 

Diphenyl ketene quinoline 

Diphenyl meroury 

, -Diphenyl- l^-methoxyphenyl-V -benzoyl-butyric ketone 
1 ,3~Diphenyl-3-(2-nitro-1 ,3“indandion-2-yl)-1-propanon6 

1 .3- Diphenyl- 1 ,2-propandiol 

1 .3- Diphenylpropane 

1 .3- Diphenylpropanol 

1 ^ nyl- 1 -pr opanol 

1 ,3“Diphenyl- 2-propanol 

1 .3- Diphenyl-prop-1-ene 

1 .3- Diph6nyl-2-prop6n-1-ol 

1 .3- Diphenyl-propen-1-one 

p ^ ' -Diphenylpropiophenone (3j3-Diphenyl propiophenone ) 

1.3- Diphenyl propyl alcohol 

1 .3- Diphenyl-1-propyn-3~on6 

3 .5- Diphenyl-l-pyrazoline 
Diiohenyl styryl carbinol 

3.5- Diphenyl-1-thioaoetairiido-2-pyrazoline 
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.phenyl tin hydride 
.pole moment 

.3-Di (2-pyrryl) propenone 
.ol 

. spr op or t i onat ion 
-sodiophenone 

,N-X)isu’bstitut6d-2-(u;;-aminoalkoxy)-5’ ,4* ,5 ' -trimethoxychalcon^ 

’opping mercury electrode 

rpnone 

rpnopinacol 

Lectrode reduction 
lectrolytic reduction 
Lectron homhardment 

Lectronic absorption spectra, heterocyclic chalcone analogues 

Lectrophotographic products 

Lectrophilic attack 

Lectrophilic hydroxylating system 

lol tautomer 

izymatic transformations 
poxidation 

poxide ring opening, mechanism of 

poxy resins 

quilibrium 


Sriodictin 


Erythro and threo 

Erythro chalcone dihalides 

0 -Ethoxy chalcone 

I 

2 -Ethoxy chalcone 
2-Sthoxyflav-3-one 
Ethyl acetoacetate 

Ethyl-':! -acetyl- ji) -phenyl- V -henzoyl-hutyrate 
Ethyl alkyl malonate 
Ethyl henzoyl acetate 
^ ' -Bt hylch ale o ne 

* 

Ethyl cyanoacetate 

EthjT'l-'^J^ -cyanohutyrate 

Ethyl- -cyano-|i -Y -diphenylhutyrate 

Ethyl magnesim bromide 

Ethyl phenyl acetate 

Ethyl thioglycolate 

Ethylene diamine tetraacetic acid 

Ethylene glycol 

Ethylene imine ketone 

Ethynyl carbinol 

Eutectic 

Extinction coefficient 
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Feach one 

i'erric chloride 

i'errocene analogue of chalcone 

Ferrous sulphate 

Flavan 

trans -2 ,3 ~ois -5 «4-flavandlol 

Flav-3-ene 

Flavanols 

Flavanones 

Flavanonols 

Flavone 

Flavones 

Flavonoid biosynthesis 

Flavonoids 

Flav- 5 -ol 

Flavanols 

Flavylium salts 

Flemi-chapparin-A 

Fluoboric acid 

Fluorescence 

Fluorescence, quenching of 
Fluorescent adsorbent 
Fluorescent whitening agent 
Fluor ometric method 

2-'Fluoro-3-nitro-4-chaloonyl-6-phenyl-acetamido penicillana.te 
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Formation constant 
Friedel Grafts alkylation 
Fries migration 
Furan analogues of chaloone 
Cl> -Furfuylacetophenone 

Gauche conformation 
Geometric isomerism 
Geometric isomers 
Grignard reagents 
Ground state 

Halo chromic effect 

Haloform type cleavage 

Halogenation 

Halogenation, nuclear 

Hammett constant 

Hammett substitution constant 

Hantzsch ester (see I)iethyl-1,4-dihydro-2,6-dimethylpyridine- 

3 jS-dioarboxylate ) 

Hantzsch-Werner hypothesis 

Hesperidin 

Hesperidin chalcone 

Hesperidin dihydrochaloone glucoside 


Hesperidin methylcarlaoxychalcone 
Hesperidin methyl chaloone 
Hesperatin chaloone 
Heterocyclic analogue of chaloone 
Heterocyclic epoxych ale ones 
Hexyl resorcinol 
Homoflemingin 

Homogeneous hydrogen transfer 
Homologation of chaloone 
Hop extract 

Horse raddish peroxidase 

Huckel's molecular orbital method 

Huckel molecular orbital calculation 

Hydrazine 

Hydrazoic acid 

Hydrazone 

Hydride ion acceptor 
Hydrochalcols 
Hydrocyanic acid 
Hydrogen 

Hydrogen bonding, intermoleoular and intraniolecular 
Hydrogen bromide, in the presence of oxygen 
Hydrogen chloride in ether 
Hydrogen donor 
Hydrogen peroxide 



Hydrogen peroxide, alkaline 

Hydrogen sulphide 

Hydrogenation, cataly-tic 

Hydrogenation (Palladium-carhon catalyst) 

Hydrogenation, selective 

Hydro genolysis 

Hydrostannation 

2-Hydroxyacetophenone 

£-Hydroxybenzaldehyde 

Hy dr o xy be nz al c o umar ano ne 

jD-Hydroxybenzoic acid 

2(o-Hydroxybenzoyl)-1-phenylethan6 sulphonic acid 
2 ' -Hydroxy-3 ' -bromo-4 j6 ' -dimethoxy chalcone 
2 ’ -Hydroxy-5 * -br omo-4'-methoxy-5 ' -methylchalcone oxime 
2-Hydr oxy-4-u-but oxy ao et oph enone 
2 ' -Hydroxy-4 ' -carbethoxychalcone 
4 ’ -Hydroxy-5-carbethoxychalcone 

2- Hydroxy-2 ' -carboxylic chalcone 
Hydroxych ale ones 
Hydroxychalcone glycoside 

3 - Hyd r oxy ch ale 0 ne 
0 -Hy dr 0 xy ch al c one s 

c is - 2-Hydr oxych ale o ne s 
trans-"2 “Hydr oxychalc one 
o-Hydroxychalcone oC ^ ? -dibromide 


2 ’-Hydroxy chalcone 
2 '-Hydroxychalcone sulphonic acid 
,5^ -Hydr oxyc hale one 
/:? -Hydroxychalcones 
4 ’ -Hydr oxyc hale one 
4-Hydroxy cor do in 
4-Hydroxy derricin 

4 ’“Hydroxy- 3 ’ 95 ’-diiodo- 4 “propoxy (and 4-'butoxy) chalcone 
2 ’ -Hydroxy-4 ’ 96 ' -dimethoxychalcone 4-glucoside 
2 -Hydroxy- 3 ,4-dinietho2cy-3 ’ 94 ' -methylenedioxy chalcone 
2 ' -Hydroxy- 4 ' ,6 '-dimethoxy chalcone 
2 ’ -Hydroxy- 4 ' ,6 ’ -diiiiethoxy- 3 ' -methyl dihydrochalcone 
2 ' -Hydroxy- 4 -dimethylaDiinochalcone 
2 ' -Hydroxy -3 ' ,5 ’ -dimethylchalcone 
2 -Hydroxy- 4 -n propoxy- 5 -nitroacetophenone 
2 ' -Hydroxy- 4 ’ ,6-’ ,3,4-tetram6thoxychalcone 
H3rpsochromic effect 

Indenes 

Indole-acetic acid oxidase 
Indole-analogue of chalcone 
Indoles 

Inductive effect 
Infra red ' '>• 


Infra, red spectroscopy 


Intermolecular complexes 
Iodine complexes with amine 
Iodine monochloride 
Iodine thiocyanate 
3-Iodo-6 ,8-dimethylflavanone 
Ion exchange chromatography 
Ionization potential 
Ionization radiation 
Iron carbonyl complexes 
Iron t etr acarbonyl 
Iron tricarbonyl 
Isobutyl ketone 
Isocordoin 
Isocyanatochalcone 
Isoflavone 

Isoliquiritigenin (2' ,4,4'-trihydroxychalcone ) 

cis-trans isomerism 

Isonicotinic acid hydrazide reagent 

Iso~octane 

Isopentenyl chalcone 
^ -Isopropoxychalcone 
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Isopropyl alcohol 
Isopropyl ketone 
Isosalipurposide 
Isothiocyanato chalcone 
Isoxazole 

Isoxazoline derivative 


Keto acetal 
Keto aldehyde 

Kinetics and mechanisiri of cyclisation of 2 ’ -hydroxychalcone 
epoxide 

Lacquers 
- Lactone 
S -Lactones 
Lead dioxide 
Lead tetraacetate 
Leuckart reaction 
Limonene 
Lipid membrane 
Lipoid material 
Liquiritigenin 
Lithium acetylide 

Lithium aluminium hydride-aluminium chloride 



Lithium aluminium hydride reduction 

Lithium amalgam 

Lithium amide 

Lucurzid 

Luteolin 


Magnesium carbonyl 

Malonamide 

Malonic ester 

Manganic acetate 

Mass spectrometry 

Maximum rate of crystallisation 

Mechanism of chalcone formation! base catalysed and acid 
catalysed 

Mecinarone 

Meerwein-Pondorf-Verley reduction 

Menthone 

Merouiy cathode 

Mesophase 

M e t h acr yloy 1 oxy ch ale one 
Methoxyamine 

|6 -Methoxyaminopropiophenone 
4-Methoxyaurone 

1- (2-Methoxybenzoyl)-2~phenyl ethylene chlorohydrin 

2- Me th oxych ale one 



.2i2.~3“Me1jh oxychalconG 
2-M6thoxychalcone epoxide 
4-Methoxychalcon6 
cis-4-M6thoxychalcone 
4 ' -Methoxychalcone 
Methoxych ale ones 
^ -Methoxychalcone 

4-Methoxy-2 ,4 ' -dibenzoyloxyohalcone epoxide 
4-Methoxy-4 ’ -hydroxy-5 ’ -carhoxydihydrochalcone 
^'-Methoxyimino his-propiophenone 
2'-Methoxy methoxychaloone 
2 ' -Methoxymethoxy chaloone epoxide 
2 ’ -Me-thoxyniethoxy-4' ,6 ' -dimethoxychalcone 
p -Me-fchoxy-^ ' -methoxy-p-nitrochalcone 
6 * -Methoxy-6 ' -tosylohaloone epoxide 
Methylamine 
N-Methylaniline 
Methylchalc one 
m-Methylch alcone 
m ' -Methylchalcone 
£-M6thylchalcone 
-Methylchalcone 

<A, -Methylchalcone 1 

jp -Methylchalcone 
4'-Methyl-tjl' -bromo chaloone 
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oi -Methyl-pi, -carbethoxy- pi-phenyl-'V -‘benzoyl-butyric ester 

2- Methylcyclohexanone 

3 - Met hylcycl oh exanone 
-Methyl dopa 

% 

1 -Methylhydrazide 
Methyl . magnesium bromide 
Methyl malonic ester 

2-(3-(4-m6thyl-1-piperazinyl) prop oxy-4 ' -methyl (and 
4 ' -chloro )-chalcone hydrochloride 

1 - (N-methyl-2-pyrryl )-3-phenyl~1 -one 

Methyl succinate 

3 ,4-Methylen6dioxychalcone 

Metyrapon 

Michael addition 

Michael adduct 

Michael condensation 

Microhydrogenati on , quant it at ive 

Miscellaneous reactions of chalcone dibromides 

Molecular compounds 

Molecular ion 

Molecular orbital caloulations 
Molecular refraction 
Monoperphthalic acid 
Morpholine 



Naphthalene analogue of ohalcone 
o( -Naphthyl semicarhazide 
Naringenin c hale one 
Neohesperidin dihydroohalcone 
Nickel 
Nitration 
4 ' -Nitrohenzoin 
Nitrochalcones 
o-Nitrochalcone epoxide 

2-Nitrochalcone epoxide 

2- Nitrochalcon6 thiosemicarhazone 

3- Nitr ochalc one 
m' -Nitrochalcone 
pi-Nitr och alco ne 

4- Nitrochalcon6 dibromide 
6-Nitrochalcone 

£-Ni tr 0 -N 5 N- d ime thylaniline 
4-Nitro-1 jO-diphenyl-but-l-one 
Nitroethyl alcohol 
Nitrohydroxychalcones 

3 ' -Nitro-4 ’ -hydroxy-2 ,5-diDiethoxychalcone 
3 ' -Nitro-4 * -hydroxy-2 ,5-dimethoxyohalcone 



Nitro-isopropyl alcohol 
4-Witro-3' -isothiocyanatochalcone 
Nitromethane 
Nitromethylchalcones 
Wi-troparaf f ins 

0- Nitrophenols 

1 - Nitropropane 

2- W’itro propane 
Nitrosophenyl ketone 
Nitrosoyl chloride 

_o -Nitrot oluene 
Nomenclature 

Non-f Increscent complexes 

Nuclear bromination 

Nuclear magnetic response 
13 

C -Nuclear magnetic resonance 
Nuclear magnetic resonance spectroscopy 
Nuclear oxidation 
Nuclear substitution 
Nucleophilic displacement 


Organometallic compounds 
Osmium tetraoxide 


Gxazine 



Oxidation 


Oxidation inhibitor 
Oxidative cyolisation 
Oxidative phenol coupling 
Oxidative phosphorylation 
Oxidative rearrangement 
Oxirane ring 

Oxirane ring cleavage by 

Oxirane ring cleavage by HCl 

2-0XO-4 , 6 -diphenyl-3 * 6-dihydro-1 , 3“th iazine 

Y - 0 X 0 - P -diphenyl-c^ -propylene 

2-0XO-4 s6-diphenyl-1 , 2,3 »4“tetrahydropyrimidine 

Oxonium salt 

0 xyt hallat i 0 n 

Palladium 

Palladium (II) acetate 
Palladium boride , Pd^B 2 
Palladium, colloidal 
Papain 

Paper chromatography 
Psntafluorobenzene 

2 ,5 ,4 ,5 ,6-Pentaf luoro trans cinnamic acid 
2’ ,3,4,4’ ,6’-Pentahydroxy chalcone-4' -glue o side 



Pentane thiol 

2,3, 4 ,5 , 6-Pent aphenylbenzophenone 
1 ,1 ,2,35 3”Pen-taphenylpropanol 
Perbenzoic acid 
Perchloric acid 
Per hydro compound , 

Petroleum waxes 

Phellandrsne 

Phenol 

Phenoxy fiimarate 
Phenoxy male ate 

Phenylacetic acid (di-sodium salt) 

[3 -Phenyl acrylophenone 

p -Phenyl- (o-amino phenylmercapto) propiophenone 
^ -Phenyl- [3 -benzoyl ethylene 
j3 -Phenyl- Y -benzhydryl but yrophe none 
2-Phenyl benzimidazole 

ji -Phenyl- V -benzoyl- / -benzhydrylbutyrophenone 
trans -1-Phenyl-2-benzoylcyolopropan6 
j3 -Phenyl- V -benzoylbutyric acid 
2- 1 -Phenyl- 2-benzoylethyl cyclohexan-2,6-dione 
d -Phenyl-^ -benzoyl propionic acid 
Phenyl benzyl ketone 
j3 -Phenyl butyrophenone 
-Phenylchalcone 



trans -Phenylchalcone 
-Phenyl chalcone 
4-'Phenylchalcone 
4 ' -Phenylchalcone 
4-Phenyl dibydrocomnarin 
Ph enylhydr az ine 
Phenylhydrazone 
3-Ph6nyl-1 -indanone 
Phenyl lithium 
Phenyl magnesium bromide 
-Phenylni trochaic one 

2-Phenyl -2 -phenacyl benzyl- 2, 3-d ihydro-1 ,4-benzop3rrone 
Phenyl potassium 
Phenyl sodium 

1 - (Phenyl sulf inyl )-2 , 4-diphenyl-3-buten-2-ol 

oC-(Phenylsulphonyl) chalcone 

Phenyl sulphonyl hydrazide 

Phenyl stsrryl ketone 

0^ -Phenylthiochalcone 

Phenyl sulfenyl chloride 

Phenyl sulfenyl methyl ester 

o-Phenylene diamine 

Phlorizin 

Phosphoric acid 

Phosphorylated esters of chalcones - 



Photochemical demethylation 
Photochemical dimerization 
Photochemical isomerization. 

Photochemical oxidation 
Photochemistry, solid state 
Photoconducting composition 
Photocross linkable copolymers 

cis - trans Photo-isomerization, Mechanism and kinetic 
Photolysis 

Photo-oxidative cleavage 

Photosensitive polymeric material 

Photo-thermographic emulsion 

Picric acid 

Pinacol 

Piperidine 

Piperizine 

pKa 

Plastics 

Platinum 

Platinum black 

Platinum oxide 

Polarization 

Polarographic reduction 

Polarographic reduction potential 

Polyacrylates 



Polyamide column chromatography 
Polychrome isomers 
Poly (dimethyl siloxane) 

Polyester film 
Poly fluorochalcones 
Polyhydroxylated chalcone 
Polymerization catalyst 
Polymethyl methacrylate 
Polymorphic forms of chalcone 
Polymorphism 
Polyolefinic polymers 
Polyphenols 
Polyproplene pol3niLer 
Potassium amide 
Potassium horohydride 

Potassium tert . hutoxide-t-hutyl alcohol 

Potassium cyanide 

Potassium ferricyanide 

Potassium iodide 

Potassium isocyanide 

Potassium persulphate 

Pr e nylo xy ch ale 0 ne 
Preparative T. 1 ,C. 

Promoters 



-Propoxychalcone 
Protolytic equilibrium 
Proton magnetic resonance 
P7C resin sheets 
Pyranochalcone 
Pyran derivative 
Pyrazolines 
Pyridine 

Pyridine analogue of ohalcone 
Pyridine-borane recent 
Pyrolysis 

P 3 n?olytic oxidative cleavage 
Pyrrlyl analogue of ohalcone 
Pyrrole 

3“Pyrrole-3-aldehydechalcone 

Pyrrolidine 

1 (2-pyrryl)-3-aryl-prop-3“one 
Pyrylium salt 

Qijantum chemical methods 
Quinac et oph enone 

Quinacetophenone monomethyl ether 
Quinoline 

Quinoline analogue of ohalcone 



Radical anion 
Raman spectrum 
Raney nickel 
Rearrangement ions 

Reduced lenzofuran chaloone derivative 
Reduction dimers 
Reductive amination 
Reductive cyclisation 
Reductive dehalogenation 

Relative iDasicities of ohalcones 
Resacetophenone 
Resacetophenone dimethyl ether 
Resin 

Resinification 

Res or cyclic c hale one 

R^ values of henzenoid ohalcones 

Rerrocene analogue of ohalcones 
Puryl analogue of chaloone 
Pyi'ryl analogue of oh ale one 
Thienyl analogue of chaloone 
Ring cyclisation 
Ritter reaction 
Rotation about C . 

‘•‘N 

Ro'|;ational isomers 
Ruthenium (II) complex 


C bond 

r 



Saccharin 


Salicylic acid 
Salicylic acid chalcone 

Schmidt reaction 
Scintillators 

Secondary amine-iodine complex 
Selenium dioxide 

Selenophene analogues of chalcone and its analogue 

Semicarhazone of chalcone and its analogue 

Sigma (cr) constant 

Silicone dielectric fluid 

Silver halide emulsion 

jo-silylated ketenes 

Skeletal rearrangement 

Sodium 

Sodium-alcohol 
Sodium amide 
Sodium azide 
Sodium hisulphite 
Sodium borohydride 

Sodium borohydride-boron trifluoride 

Sodium dithionate 

Sodium enol methyl malonic ester 

Sodium hydrogen sulphide 


Sodium hydrogen sulphite 
Sodium-potassium dependent ATP-ase 
Sophoradin 

Spectrophotometric analysis 
Stannous chloride 
Stereochemistry 
Stereoisomeric pairs 
Stereoisomerism 
Stereoisomers 
St eric effects 
St eric hindrance 
Styrene-maleic anhydride 

N-suhstituted-4’-aminoalkyl-2' ,4-dihydroxy chalcone salt 
;p- substituted benzohydride 
4-substituted chalcone 
4 '-substituted chalcone 
Substituted chalcones 
oL -substituted chalcone 
Substituted chalcone epoxide 

Substituted urea 

Sulfenyl compounds 

Sulpholane ' 

Sulphonation 

Sulphonic acid derivative of chalcone 
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Sulph'ur 

Sulphiaric acid-acetic anhjrdride 

Sulphuric acid ester of chalcone 

Sulphuric acid-methanol 

Sulphuric acid-nitric acid 

Sweeteners 

Syn conformation 

Syn -s -cis -conformation 


Tautomer ism 
Terpene 

Tetrahromo-o-henzoquinone 

Tetrahydrofuran 

3,3*,4,4'-Tetrahydroxy chalcone 

2* ,4 ,4’ }6 '-Tetrahydroxy chalcone 

2’ ,4,4’ jS'-Tetrahydroxy ohalcone-2, jj’-glucoside 

3,2 ’ ,4' ,6 ’-Tetrahydroxy-4-propoxy dihydro-4, p.’-neo hesperodside 

2 ' ,3 ,4 ,4'-Tetramethoxy chalcone epoxide 

5 ,7 ,3 ' ,4 ' -Tetramethoxyflavanonol 

Tetramethoxy eriodictyol chalcone 

1 3 ’, 4’5 5 , 7 ~le’tra-p-methyl taxifolin 

Tetraphenyl horocopper 

1 ,2, 4,5“Tetraphenylcyolohexan-1 ,2-diol 

Tetraphenylcyclopentadienone 



"1 »4 j6“Te1ii*aphen.yl— 3 j4*‘Clihydroxy— 1 55“hexadieiie 

1 ,5,4,6-Tetraphenyl--h6xan-1 ,6-dione 

1,3,6 ,8-Tetraphenyl-1 ,8-octadione 

1 ,1 , 3, 5-Te'traphenyl-l-l -propanol 

2,3,3,3-Tetraphenyl propyl phenyl ketone 

Tetraphenyl tin 

Thallic acetate 

Thallic nitrate 

1,5-thiazium salts 

Thienyl analogue of chalcone 

Thin-layer chromatography 

Thioalcohols 

4'-Thioalkyl chalcone 

Thioaurones 

Thioharhituric acid 

Thiocyanogen 

-Thiocyanato chalcone 
Thiomicid 

Thiphene analogue of chalcone 

Thiophene-pyridine 

Thiophenols 

Thioserrdcarhazone of chalcone and its analogue 
Thiourea 

Titanium tetrachloride 


Toluene thiol 



2 -Tolylamine 

-Tolychalcone 

1-(-ptolyl)-2-hydroxy-5“chloro-3-phenyl-propan- 

2 ’ -Tosychalcone epoxide 

2'-Tosyl-6’-niethoxy chaloone 

Tosyl-hydrazine 

Tosyl hydrazone 

n- n and T? - tt' * transitions 

Transmutation 

Transmission effects 

Trans oid conformation 

Triamino guanidine salt 

TriTautyl tin 

Trichloroacetic acid 

Trifluoroperoxyacetic acid 

3,4,4’ -Trihydroxy-5 ’ -carboxycbalcone 

2,2* ,4-Trihydroxychalcone 

2 ,4 ,4 ’ -Trihydroxychaloone 

2’ ,4' ,6'-Trihydroxychalcone 

3,2* , 4 ' -Tr ihydroxy-4-me thoxy-dihydr ochalcone 
Trimethoxy aluminium hydride 
2’ ,4,4’-Trimethoxyohaloone (vesidryl) 

4,2’ ,4’-Trimethoxyohaloone epoxide 
(j^) 4' ,5,7-tri-o-methyl aromaden-drin 


-one 
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Triphenyl aluminium 

1 ,3 ,5-Tri}plienyl-4-benzoyl-hex-1 ,3-diene 
1 ,3 j5-Triphenyl-4-benzyl-1-pentene 

triphenyl cadmium lithim 

^ ^ “'^^^P^®^yl'^~^in-iethylamino-:^-ketovaleronitrile 
1 $ , t » V -Triphenyl- "<^-hydroxybutyrophenone 
Triphenyl indium 
Triphenyl methyl sodium 

1 . 3 . 5 - Triphenyl -pentan-1 ,5-dione 
trano 1 , 1 ,3-Triphenyl-2-propen-1-ol 
1 ,3,‘3-Triph6nyl pyrazolines 

2 .4 .6- Triphenylpyridine 

2.4.6- Triphenyl pyrimidine 

2.4.6- Triphenyl pyrylium chloride 
Triphenyl thallium 

Triphenyl tin lithium 
Triplet mechanism 

2.4.6- Trisuhstituted pyridine 
Triton-B 


Ultraviolet absorption-filter 
Ultraviolet irradiation 

Ultraviolet spectra, ois-trans isomer of chalcone 



P -Unsat lie ated alcohol 
-Unsaturated ketone 
Unsaturated ket oximes 
Unsaturated trimer 
Uranyl chloride 
Urea 
Uvaretin 


?anadous salt 
Veratraldehyde 

Vesidryl (see 2' ,4,4’-trimethoxychalcone) 


Willgerodt-Kindler reaction 
Wilson's horic ausid test 


Xanthine oxidate 

Xanthoangelol 

X-ray crystallography 

Zinc acetate 

Zinc-ethanol-acetic acid 
Zinc-mercury-acetic acid 



